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THEPREPARATIONANDPHYSICALPROEf!RTIESOF EVEML
ALII%ATIC,EmRomRBoNsJuvirmEmEDDms
~y FrenkL.
Philip
Howerd,ThomasW.Mears, A.Fookson,
Pomersntz,andDonaldB.Brooks
,.
‘Inthecoureeofan.investigationoftheknockratingsofaliphatic
hydrocarbons,pureTarafflnsendolefinswerepreparedinquantities
sufficientforenginetests.Thisreportdescribesthemethodsofprep-
arationandpurificationofthreepentanes,fourhexanes,threeheptsnes,
fouroctanes,eightnonsnes,sevendecanes,fourhexenes,fiveoctenes,
sixnonenes,sixdecenes,anda numberofalcohols,ketones,esters,end
alkylhelldes.Mostofthesecompoundswerehighlypurified.Physical
oonstantsmeasuredincludedfreezingpoint,boilingpointanditsvaria-
tionwithpressure,refractiveindexanddensity,endtheirvariations
withtemperatyme.
.
INTRODUCTION
,.
In1934theAutomotiveS ctionoftheNationalBureauof.Standards
undertookaninvestigationofthe.impuritiespresentinthecertified
lscoctane(2,2,.&trimethy3pentsne)usedasa @2narystendardinthe
knockratingoffuels.Inthecourseofthis.work,abouta scoreof
paraffinhydrocarbonswereisolatedand.thqirphysicalpropertiesand
hock ratingsweredetermined.(Seereference1.) Theinformationob-
tainedinthisworkindicatedthatsomeofthehigherparaffinhydro-
carbonshouldbedecidedlysuperiortoisoocteneinknockrating. .
,
Theresultsofthisworkledtoa researchprojectthatwasinltl-
atedwiththeobjectiveofpreparing,inquantities sufficientforengins
tests;theparaffinhydrocarbonslikelytobeofinterestascomponents
ofCombataviationfuel.Thispro~ectwasbegunin1937underJoint
sponsorshipoftheNationalAdvisoryComuitteeforAeronautics,theAzmyb AirForces,andthel?avyBureau.ofAeronauticsandhasbeenactively
prosecutedsincethattime.Therestitsofportionsofthisinvestigation
.
,,
.-
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completedpriorto1940havebeenpresentedInreferences2 to5,and
the~ynthesesandphysicalpropertiesofa numberofaddittonela .iphatic
hydrocarbonsaredescribedinthepresentpaper.
.
SincetheolJectiveofthisworkwasthepreparationofpurehydro-
carbonsforenginetesting‘todeterminehock rating,itwasgenerally
necessarytosubordinateotherconsiderationstothispurpose.Inmany
cases,itwasthereforenotpossibletomakedetailedstudiesofthere-
actionsortodeterminepropertiesofsomeofthenewor,little-known
intermediates.
Aclmowledgmentsareduethefollowingpeopleforaidandadviceon
variousphasesofthiswork:Dr.CecilE.Boord,OhioStateUniversity,
Dr.GeorgeCalingaertandDr.HaroldA.Soroos,EthylCorporaticmRe-
searchLaboratories,Dr.NathanL,Drake,UniversityofMaryland,Dr.
MerrillR.FenskeandDr.FrankC.Whitmore,PennsylvaniaSt teCollege,
andDr.FrederickD.Rosslni,NationalBureauoft%andard~.
APPARATUS
ReactionVessels
Small-scaleexploratoryreactionsweregenerallycarriedoutin5- .
literglassflasks.Insomecases,whereanwnmal.lylowyleldof
finalproductwasexpected,12-literflaskswereused.Theuseofthese
largerflaskswasdiscontinuedin1944,andreactionsofthissizewere
thenconductedinlk-literbrassdouble-walledv ssels.Forsynthesis
ona largerscale,twocoppereactorswereusedinittally.Eachof
thesereactorshada capacityof60litersandwasdoublewalled.Water
atanydesiredtemperaturebetween5°and75°C!couldbecirculatedin
thespacebetweenthewallstocontrolthetemperatureofthereaction.
Thereactorswereequippedwithmultiple-paddlestirrers(60to200rpm),
refluxcondensers(multtplecoppertube),separatorfunnelsforaddi,-
‘tionofreactants,anddraw-offvalvesforremovalofproducts.These
reactorswereuseduntilearlyin1944,whentwo50-gal.lonkettles(one
glasslinefijonestainlessteel)wereputintoservice.Thecopper
reactorswerethenusedasdistillationreceiversInconjunctionwith
thelargekettles.Thelargekettleswerestandardcommercialitems
andwereinstalledsothatanytemperaturebetween5°and150°C could
bemaintainedintheJackets.- -
~drogenationEquipment
Hydrogenationreaotionswereaccomplishedinhigh-pressure
genato~s,designedafterthosedescribedbyAdkinsiireference
1
.
.
hydro-
6.
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Threesizeswereused,with
alystusedwasa commercial
provedtobeeconmicaland
capacitiesof1,3,and.20liters.Thecat-
nickel-cm-kieselguhrpreparation,which
efficient.l?odifflctitywasencount&edin
hydrogenatinga yofthematerials,providedtheywerehalogen-free.
Most.ofthehydrogenationreactions took,placeattemperaturesb low
1600C sadpresstiesbelow2000~@is persq~e inch.
. .
stills .
Forconvenience,the’va@ousstillsusedXnthiswork&e desig-”
natedinthetextbynumbers.Thesalientfeaturesofthesestills’&e
givenintatle1. Someofthesecolumns&e nolongerinuse,hatipg
beensupplantedbyothersoflaterdesigns.operationsformerlyper-
formedInColurms1 and2 werelatercarriedoutin19snd20,andCol-
umns8 and9 werereplacedby17and18. Column20wasabandonedin
1942,whenC!oiumn11wasputintooperation.Columns3 to7 werere-“
pla0e&by21to 27latein1945.
Still1.-Thisstfllisofthe.tot~-reflux,intermitt&nttake-off
type,andhasbeenpreviouslydescriledinreference5. Therefluxrate
wasapproximately1500mlperhourInmostcase,s,thetake-offratebe-
inggeyornedbythecompositionofthechargeandthepuritydesiredin
theproduct.Samplesof78mI eachwer~removedautomaticallyatprede-
. termlnedintervalsvaryingfromO.~to24hours.Theefficiencyis,ap-
proximatelyninetytoninety-fivetheoreticalplates,@ndthe”hold-upis
.260ti..
Still2.-Thecolumnofthis-stillconsistsof150actualplates,
followingthedesignbyJ.H.Brunn.(Seereference7.) Thevolumeof
eachfr~tionremovedwas65ml. Refluxratewasstout&10ml.perhour.
Thisstill4asalsobeendescr+beainreference5. Themechanismsof
operationa dsempleremovalarethesame-asforStill1..In-both
Stills1 and2 theheadtemperatu&ewasfollowedduringthe’daybymeans
ofa platfnmnresistancethermometer,endthetimingoperationswere
scheduledsothatsampleswereYemovedwhenth$.stemperature(corrocted
to760mmHg)becamereasonablyconstant(generallytowithina change
oflessthan0.005°C perhr).
v’” .-&&l stillep~ttimedafterthosedescribedby,Whitmore,and.Luxreference8)were,usqdtoremoveotherfromreacttoh
mixtirres,forpurificationofiritermedlatcm,forprelimiriarypurifica-
tionoffinalproducts,andfor fraotionaticnofmallcharges.These
. stillsaredesignatedas,3 to9 intable1*
,,
,.
still1o.-Priortotheconstruction’ fotherlarge-capacitys ills,
. Still10wasusedfor.preli~ fracttcna~ionofcommercialsynthetic
crudes.ThepotwaspartQfa domestichot-,waterank,~h~columna
,..
,.. ,.
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lenglihof2-i.nohpipe,Thetake-offwasgwernedbya l/8-tnchpeedle
.Wve.
Still11.- Inordertohavea higher-oapaol~,higher-efficiency
stillthen10,Still11wasconstructed.,.Theentirostillismadeof
monelmetal.Therefluxrateisabout4 lttersperhour,asmeasuredby
gainM temperaimroofthecondenserwater~Thetake-offrataisgo~- ,
ernedbya comDMrcWlI/&inchsoIenoidvalve,operatedbyanautomatic
thingdevice.Theefficiencyof’thesttllisaboutsixty-fivetheoreb
icsl platesunderoperatingconditions(3.5to4.5litersperhrreflux).
Safetydevicesincludeoverflowtanksforthesalvagingofmaterialdis-
tflledthroughthecondenserlfthewaterIsaccidentallycutoff,a
product oVerflcwtenkforretainingmaterialwhichmaybedeliveredbe-
causeoffaultyoperationfthesolenoidvalve,@ a“pot-teWeratWe-
limitcontrol.AU openingstothestillareventedtotheoutsideof
the.tmililing.
. StiZls12toIL.-Thesecolumnswereconstructedforsnalysisof
comnercle2crudes,puriftcatimoflargequantitiesofmaterial,and
isolationfhydrocarbonsfromcommercialmixtures.Thesewereputinto
operationi 1943,andlater(1945)Column11waslengthenedby4 feet
andaddedtothegroup.Thetake-offonallthesestillsisgovernedby
a ttmerandsmallsolenoidvalves.Condensersinthelargercolumnsare
ofthemultlplecold-fingertype.Thecolmnnsareheatedbyresistance
wirecontrolledbyvariabletrsnsformors.Temperaturesaremeasuredby
copper-constentanthermocouples.Safetydevicesincludeoverflow+emks,
automaticpot-temperature-limttcon rol,forcodventilation,automatic
carbon-dioxidefirecontrol(controlledbythermal-plugs),andautomatic
warning if’ the atmosphereapproachesa combustiblemizlmre.Thepotsof
Stills12to16aremadeofmildsteel”.we columnsof12and13are ‘
madeofgalvanizedptpe,andthecolumnsof1.4end15aremadeof#kin-
lesssteel.Condensers-areofcopper,brass,ormonelmetal l
IEH5EWNATIONFPHYSIC!ALPROEERTJES
Fromtheplotsofrefraotfveindices,boilingpoints,orfreezing
pointsoffractionswithrespectovolumeofdisttl.late,thosefracticns:
containingthebestmatqrialwere selectedandusedforthedetermination.
ofphysicalconstants. .,
Themethodsusedforthedeterminationofphysicalconstantshave
beendescribedinreferenoe4. Thefreezing-pointapparatuswasmodified
.
lnDecember1944,sothatadditionalcontroloftherateofcoollngcould
beobta!ned.Thiswasdonebyinstallinga pumpingsystemont,hevacu-
atedchanibersurroundingthesam~le$sothattherateofcoolingoouldbe
governedbythepressureintheevacuatedchamber.Thismodificationof
5.
.
.
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theequipnnthas
Table2 liststhe
scribedhexein.
beencbquatekwdescribedbyMair(reference9).
measuredphystcslpropertiesoftheocmpmnxlsde-
Thefreezing-pointda aon2,2,5,3-tetrsmethylhexaneareconsidered
representative,snaareill.ustrated,infigure1. Boiling-pointda aon
fourcompoundsareshowninfigure2. Th9sefiguresme ~:esented.as
t.ypicslexemplesofmeasuredphysicalproperties.Refractiveindices
weremeasuzzedonanAbbetype(Valentine)refractometeruntil1943when
aBauschendLorn?Jprecision-oilrefractometer(alsoAbbetype)wasput
intouse.Anestimateofthepurityoftheindividual.compoundsmaybe
madefromthedataliste~M table2 undertheheading.AT:20to@ per-
cant,whichindicatesthenumberofdegreesdifferenceb tweenthetem-
peratureatwhich20percentofthematerialhaddistilledndthetem-
peratureatwhich80percenthafldistilled.Thepresenceofperoxides
intheolefinsemplestendedtomakethisdifferenceextraordinarily
large.
PREPARATION03’MMWUALS
Gyignard.Reagents
ThepreparationfGrignan.reagentsin Miage quantities(upto
330moles)has%.eenfoundtobesubjectothe”saelimite.tionsaathe
.
preparationfsmallamounts,excepthattheyields,ingeneral,are
slightlyLarger,Themethodsusesintypicalrum ofrepresentative
meukersofthealiphaticseriesam givenasfollows,andarenotre-
peatedinthediscussionfthevariousptheses.Decompositionof
reaction complexesfo~e~IytheactionofGrignardreagentsonvarious
compoundsfollowedtheclassical methodsandne@ notberepeated.
Meth@magnesiumbromide.-TothereactorwasaddedlQOgramatomsz”
(2.43kg)of~~esi~ turningsandenoughethertocover themagnesium.
A smallamountofmet~lbromi~ewasadded.If’reactiond.idnotetmt
im&ediately,a littlemethyliodide(orpreviously,prepsredGri~ard
reagent)wasadded.kfte~reactionhadbeeninitiatedthestirrerwas
started,andmsthyl~rotidefroma cylindersupportedfroma steelyard
wasallowedtoflowthrougha coilofcoppertubingsurroundedbya dry-
Icebathwhereitcondensed~ droppedintz)thereactionmixture.F1OW
wasregulatedbya smallneedlevalve.Afterthereactionwaswell
started;poolingWter wasadmittedtothejacket,andanexcessof
methylbromidewasaddedasfastasitwouldreact.Duringtheaddition
Of~tiyllro~d~,etherwasaddedin2-llterportionsuntilthetoti
etheraddedwas20liters(200IL&pergramatomofmagnesium).The
.
=~t ofmethylbromideaddedwasdete~~ bythe10SSofweightof
thecylinder,anditwasfoundthatpracticallynom&hylbromidewas
lostduri~theoperaticm.Afteradditionofmethylbromidewas
,
I
6complete,thereactionmixturewas
turecontainedslud~eorpiecesof
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warmedfor2 to3hours.Ifthemix-
unreacted_eeium, itwasallowedto
standuntilthesludgehadsettled,andthentheclear-solutionwassi-
phonedoff.Thesludgewasnextwashedwithdryetherandallowedto
settle,thenthesiphoningprocedurewasrepeated.Iftheamoungof
sludgew’asmall,thislastoperationwascarrtedoutadvantageouslyin
a separatorfunnel,inwhichthesludgecouldbedrawnoffeasily.
Theyieldsvariedfrom88to95percent,basedonmagnesium,asde-
tcmminedbytitration.Similaryieldswererealizedwhenethylmagnesium
chloridewasprepsred,butinthiscasesloweradditionofhalidewas
necessaryinordertoavoidtheformationfappreciableamountsof
sludge.
xsoropylm~esivmchl.oride.-Magnesiumturnings(1.5kg,63gram
?+
——. ——
atomsand5 litersofe-tuerworeplacedinthereactor,endreaction
wasstartedby‘&eadditionofa smallmountofisopropylchloride,
Afterthereactionwasinitiated,thestirrerwasstartedand1 liter
ofisopropylchlorideIII2 litersofetherwasaddedslowly.Afterthis
firstcharge ofchloridewascomplete,~ litersofetherendtherestof
themagnesium(1.5kg,63@am atoms)wereadded,audcoolingwaterwas
circulatedthroughthejaoket.Thentherestofthechlorideandether
wasaddedintheratiof1 llterofchloridefor2.0to!2.5litersof
other,untila totalof125molesofchlorideand37.5litersofether
hadbeenused.Thisadditionwascarriedoutasfastaspossible,still
keepingtherefluxfromthecondenserd opwiseendnotina steadystream.
About35hourswererequiredfora 125-mlerun,After emovalofthe
olew solutionfromthesludge,theyield,calculatedfromtitrationdata,
amountedto90to93percentofthetheoreticalquantity-.
.
.
-
.
t-Butylmagnesiumchloride.-Thispreparationwascsrriedoutin es-
sentiallythesamemannerasdescribedforthepreparationofisopropyl-
mgnesiumchloride,xcepthattheadditionofchloridewasnecessarily
slowerinorder toretardformationfhexamethylethaiie,isotmtylene,and
diisolmtylene.A 70-molerunrequiredapproximately35hours.Thelat-
terhalfofthechlorideaddedwasmoredilutethanthefirsthalf(ref-
erence10)’endtherateofadditionwasslowedupprogressivelyasthere-
actionearedcompletion.TheJacketofthereactorwasnotcooledso “
muchinthispreparationaswiththelesshighlybranchedhalides.The
tendencyoft-butylchloridetoformsludgeismuchgreaterthanthatof
thesimplerhalides,althoughmenyrumsweremadeinwhichpracticallyno
sludgewasobserved.Theyieldsvariedfrom80to92percent.
.
i
n-Pentane
Onegallonofcommercialn-pentanewasfractionatedinStill1.
Fzymthisdistillationtherewasobtained1792ml.ofmaterial,the ,
I
NACATNNO.124?
fraotionsofwhichhada refractiveindexnD20
“best’’,samplewasselectedfordeterminatzlonof
. .
7
of’1.3574to1.3575.A
Phyefcsleonstents:
2-Methylbutane(hopentane)
OnegallonofcommercialisopentenewasfraotlonitedinStill1.
Therewasobtained2200mlofmaterial,nD20= 1.3535to1.3536,whtch
wascollectsdwhiletheheadtemperatureofthecolumnwas27.87°to
27.88°C. Latera totslof47litersofhigh-puritymaterfalwaspre-
paredfromtheseinesourceb~fractionationnStill11. ~
.
2,2-Dimethylpropane(Neopentane)
h 1933,WhitmorendFh&ing(reference11)describedtieprepara-
“’tionfneopentsnebyreaotionbetweenmethylmagnesiumchbrideand
t-butylchlorideintoluene at 4~0”to 500C.Yieldsof42to50percent
werereported.‘ @thepresentwork,a methodisdescribedwhereb~some-
whatlarger$ieldsofpuzzerproduotwereobtained.
,.
-
Inthiswork,neopentanewaspreparedbyaotionofdiqwthylzincon
t-butylchlorideint@ueneat5°C. Theadvantageofcausingreaction
. atthistemperature,r@herthtitheoftenusedhighertemper+re(35°
to50°C),for,re~tfonso?@s typehasbeenpreviouslydemonstratefl.
(Seereference2.) D@thyl’zincwas.prepsredinthemaynerdescribed
inreference2;however,certainimprovementsinthetechniqueofhsn-
dltngthi~me,terialhavebeenmade.
..- -
.. .. ,.
A 5-liter,’si&le-neckflask,which&s usedford~ethyl-zincprep-
,aratlon,“wasplacedin:ano’ilathendfittedwitha @O-millimeter
rqfluxcondenser.Tothetopofthecondenserwasa$taoheda lmidgeof
10-millimeterglasstubingwhichled.tothetipofa similarefluxcon-
denserattaohedtoa 5-liter,three-neckflask.Thislatterflask,into
whichdimekhylzincwasdistilled,wassituatedina cold-waterb@h and
~s providedwitha separatorfunnel(500?d.)anda stirrer.A side
,m onthebridgeprdvided‘forthe’introductionof i ert gas (carbon
dioxide). ..
. Thezinc-coppercouplefromg60gramsofzincdustand120grsmsof
cuprio.oxidewasplacedin”theone-neckflask,and1100~~ (7.75
moles)ofmethyliddideadded.Thetemperatureoffileotlbathwas
raised.toabout45°C,anda slowstreemofcsrbondioxidewaspassedin
tiesidearmofthebridgead out-through theseparatorfunnelintoa
venting-tubemadeof2@tUMme%& glasstubfng.Reaothnbetween
methyl iodide end.thecouplewascompleteafter10hours,provtdedthat
thecouplewassufficiently”
bythecessationfreflux,
ziotive.Whenreactionhadc&seal,,as shown
thecarbon-dioxideflowwasstqp6d,500ti
.8 liACATNNo.1247
oftuluenewasaddedtothethree-neckflask,andthetopofthesepara-
tor funne~wasfittedwitha teetube.Therefluxcondenserontheone-
neckflaskwasheatedwithsteam,andthetemperatureoftheoilbath
wasgraduallyraisedovera periodof2 hourstoaboutl&1°C. This
causedthemethylztnciodideintheflasktodecomposeintodimethylzinc
‘andzinciodide.Thedimethylzincdistilledacrossthebridgeintothe
tolueneinthethree-neckflask.Carbondioxidewasallowedtoflow
throughthetopoftheteewhiledistillationofdhethylczincwasin
progress.
Afterdistillationofdimethylzincwascomplete,thesingle-neck
flaskwasallowedtocoolandthesidearmonthebridgeconnectedtoa
gas-purificationraincomprising,intheordernamed,a washbottleccm-
taintngwater,twobottlescontaining@-percentsulfuricacid,anempty
bottle,a bottlecontaining40-percentpotassiumhydroxide,a calcium-
chloridedryingtower,and a 100- by1.5-centimeterubefjlledwith
sillcagel.Afterpassingthrough.thistrain,thegaswasledintoa
condensingsystemcomprisinga coppercoilcondenserat-10°C,a re-
ceiverat-78°c,andfinallya trap at-78°C.
Theflaskcontainingtolueneanddimetlqrlzfnc.wascooled@ 5°C,
and525ml (about4.8moles)oft-butylchloridein75omlofdrytoluene
.
wasaddeduring5 hours.Duringtheadditionofchloride,methenewas
evolvedbythereaction.Aftertheadditionofchloridewascomol’ete.
thereactionmixturewasallowed‘tostan.fi15hcum. T&m
peraturewasraisedgraduallyto50°C,duringwhichthe
givenoffwhichwasnotaffectedbythesulfuricacidand
condenseInthe-780’C tra~. .,
Waterwasthenadded.tothereactionmixture,through
the%a~htern-
moregaswas
whichdfdnot
theseparator
funnd. 1%wasnecessarytoexerciseconsiderablecareinthisopera-
tion,since.a.violentevolutionfneopentanetookplaceatthispoint,
This,gaswascondensedinthe-10°C condenser,andsolidifiedinthe
receiver.Therewasnodiscolorationofthesulfuricacid.After,about
200mlofwaterhadbeenaddedandtheevolutionfgashadsubsided,
theapparatuswassweptoutwithnitrogen.
The.resultingeopentanewastransferredtoa glasstubeendsealed.
Theyieldamountedto164.5grams,whichis59percentofthattheoreti-
callypossible,basedononehalftheamountofmethyliodideused[2
molesofmethyliodidegfve1 moleofdimethylzinc).Theresiduefrom
thedimethylzinc,whichcontainedzinciodtdejwasusedtoprepareaddi-
tionalmethylIodidebythemethodescribedInreference12. .
Inassemblingtheapparatus,corks,ratherthanrubberstoppers,
wereusedexclusivelyandafterassemblytheywerecoatedwithshellac. .
Inonepreliminaryexperiment,inwhichrubber
productwascontaminatedwithamaterialwhich
stopperswereused,the
adtheodorofmethyl
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mercaptan.Wherery%bertubingwasnecessaryin
thesidearmonthe%ridge,’ti~g-t was?n@e
rubbersurfacewasexposed.
makingconnectionsto
sothataminimumof
Theyieldreportedonthefirstrunwasveriftedlaterwhennine “ ‘
addit.io&lrunsof,thfspreparationwere”mejinwhichanaverageyieM
of65.6,pe~entwas,obtained.~ twoof~~se-s, tiecouplewasless
active”timintheotherpreparations,andtheproductwascontaminated
withmethyliodide.Thepresenceofmethyliodidewascharacterizedby
a pinkcolorwhichdevelopedintheproductaftera fewdays.we yield“
obtainedfn.onerunwaslowbecausea stoppagedev@ped inthepurffica- ‘
tiohtr~n,andsomematerialwaslostthrougha“looseneilconnection.
,,
,-
: Freezin&point”heasurement8madeonthematerialfromthreexperi-
m@ts gave“theyalues-16.61°,-16.61°,and-16.600C,respectively.
Thesedsj%maybecompare~.withthevalue-16,63ti.10°C,calcizlated
f@ thefreezingpointof100-percent-pureneopentsmebyAstonand
Messetil$:‘(Speyeference13.), ,
..
..
,.
..
. 3-M6thylpentane- “
, ,,
From75.2 molesofethytiesiumchlorideand37molesofethyl
acetatetherewasprepared3660mlaf3-methyl-3-pentanol,whichwas
purifiedbydistillationinColurm7(b.p.120°ta124°C at760m).
Deh@rationofthiscerbino~byrefluxingwith0.2-percent~~fiaphthalene
s@fonicao.id:yfeldeda mixti”eof,alkeneswhichboiled65°to71°C at
758mil~imeters.Thisdehydrationwotidbeexpectedtoyieldchiefly3-
methyl-2-pentsne,witha sm@le”ramou@of2-ethyl-l-butene.Noattempt
,yas’niadetoseparatethetwo’olefins.sincebothcompoundsyieldthesame
aZken~when.lqydrogenated..l@rogenatiogfthismixttigavecrude
alk@ewhichwas,filtered”throughsilica’gelenddistilled&.Columnk
to.yield19@ mlof’materialwhichboll@”64.5°to65.50C (uncorrected).
RedistillationnColumnlgave.l@O mlofhydrocarbonmadeupoffrac-
tionsremovedwhiletheheadtemperaturewas63.319°to63.3220’c(761.1
~~$) sndforwhich.nD20=.1.3764to1.3765.
,..
. .
.“..
“2y2-Dim&hylbutane(Neohexane)“’ .
..
Thesynthesisofneohe%anehasbeenreportg~previ~uslyh refer-
enc~4. “Sincethencommercialneohexenehas%ecomeavailable.Several
chargesofthismaterialwerefractionatedinStills1 end2;.Fromeach
run,onlythelatterhalf-ofthedistillateconsistedofmaterialhaving
thepropertiesofneohex~e.Theforeruncontained.an.&upurityof
highefirefractiveIndexand”slightlylowerboiling-point.Noextensive
investigationwasmadeofthisforerun,butthemostllkely,Impurltywas
cyclopentene.Thisfactwaa”later-substantiatedbythenmnu$acturer.
10 I?ACA
A totalof.38litersof’purifiedneohexanewaspreparedby
of75liters”ofthecommercialcrudemixtureinStill11.
2-Methylpente.ne
TNNO.12h7
fraotfonation
About77lifersofcommercialcrudeneohexanewasfractiaated.to
prepare38litersof2,2-dimethyllnztane.Fro?nthedistillationsfthis
material,therewasobtained3320mlofresidue,which.wasfractionated
inco1unr12into46fractions:
I “.Fraction
2 to 22
23tO44
45ix)46
Boilingrsnge II(Headayrature) ‘VolumeRefractiveindex,nD20(~) .
n I
58.8b 60..2 1500 1.3748to1.3717
60.2~ok60.4 lyoo 1.3715to1.3717
l 140 1.3717to1.37kk
Fractions35to37werecombined,
intliedeterminationsofphysical
Investigation
filteredthroughsilicagel.,endused
propertiesof2-methylpentane.
ofButeneAlkylate
Seventy’fivelitersofButeneAl@latewasfractionatedinStill10.
Theheadtemperaturewasmeasuredbymeansofa recordingthermometerof
thegas-expsnsiontype.Therefluxratiowasmaintained’atabout100to
1. Fractionsofnottirethan3.87”literseachwere collected,thevol-
ume‘ofthefractiondependingonthetime-temperaturec vt.After
measurementofrefractiveindicee,.likefractionsfromdifferentruns
werecombinedandrefractionatedinSt12.12. FractionationoftheloW-
est”boilirqjportion.fromStill10wascarriedoutfirst,‘thenthesecond
lowestoilingwasaddedto,theresidueandfractionated,ndsoon.
Therefractiveindexofeachfraotfonwasmeasured,anda plotofrefrac-
tiveindexversusfractionnumiberwasmade.Semplesrepresentedbysfn-
gleplateauswerecombinedand&edistilledinC!dlumn1 or2. Several
hydrocarbonswereisolatedthereby,andarelistedintable3.
!3-Dimethylbutane.-The2,3-dimethylbutanefromButeneAlkylate(2~132ml)was’addedto1255mlof2,3-dimethylbutaneofapproximately
theseinepurityfromanothersource.Thecombinedmaterialwaswashed
. tithsulfuricacid,water,sodium-carbonatesolution,andagainwtth
water.Afteritwasdr~edandfilteredthroughsilioagel;itwasfrac-
tionatedinStIll2, andgave23oOmlofmaterialforwhich “
n&o = l~3T48to1.3749. .
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2,4-DimetiyIpentsne.-The2,k-dtmethylpentenefrom33uteneAl@late
(2610ml)wasrefractionatedinStill2. Thefractionsforwhich
nI)20= 1.3816to1.3817werereservedasthebestportion,andamounted
to985ml.
s-,
. . . Q,3-Dimethylpentanefmm Isooctane- ~
,,
Seventy-fivelitersofisooctane(acommercialmixtureofbranched.
chainhydrocarbons)wasfractionatedinStill10inthemannerdescribed
intheprecedingsection.Fractionswhichdistilledbetween85°and
950c (q)20= 1.3886to1.3914)werecom~$ned.(28,051ml)andrefraction- ,
atedinStill11. Fromthisdistillationtherewasobtained7165mlof
hydrocarbonwhichboiled8$).7°to~ .OOC (nDao= 1~3918to1.3921)which
waarefractionatedin%111.2. Thepurified2,3-dimethylpentsnethereby
obtainedemountedto47$0ml titerfiltrationthroughsilicagel.The
refractiveindexrangenD20,o’fvariousfractionswas1.3919zto1.39196.
tion
. ride
. .
.
,...
that.
. ..-
‘,.’ 2,2,3-Trimethyllxr&ne(Triptane)”.
Thesynthesisoftriptqneinvolve’dtwore~tione:(a)%heprepara-
of2-chloro-2,3-dimethylbutane,tid(b)thereactionofthischlo-
@thdimetll~lzinc. . .
,“,.
,.., .,
2-Chloro-2,3 ““-dimethylbutane.-w .a&p&rat~”usedwassimilarto
descri~edfn.?eferencb2 for.the”prqjaka$ionfk-ctioro-2,2,h-
trimethylpentme.Itwasmodified.sothat~bberstopperswere%plaee&
withground-glassconnections.Thealkenewed wasatixtureof2,3-
dimethyl-1-buteqeand2,3-dinetl@-2-bute~e.whichwasformedbydehydra-
. .
.
. .
. .
. .’
t$onofpinac.@yl’.elgoh61(3,3~~imethyl-2~b&nol)*[Seerefer-&nces.)
Theoriginal.slkepemixturecon@ined@small.amotit.of3,3-dim6thyl-l-
,butene,in,additionto,*6pexenes.,In+tkf~hydrocarbonWS removedfor
“uge:jin.enbthSr,Bjnthesfs.. .. ,,.
..... .,, .,.
h 2 hours,15CX3ml ofthealkenemixture,alongwithexcess dro-
8geg<chloyide,waspaqsedt@ou@ *O chamberskept@ abath.at-7 C.
.Oc,c.asion&lljLtwasri&essa&y’toremote”.the,bathsin.ordertoallowthe
solidifiedchlor~deto”melt.d,pass onthoughtheapparatus.‘T~Gprod-
uct.was:waqhedwithwater,witi,~.-percentsodium-bicarbonate,solutton,
againw$M wa~erj~d,d&ied’withwosuccessiveportioneoffreshanhy-
‘tious“potadsitice&bonate.DistQlation.oftheresultingmaterialin
Column3 gave,aftera forerimofunchangedalkene675gr&nsof2-chloro-
2,S-dimethylbutane(b.p.@o to70°C at190mmHg~. ,
Synthesisoftriptene.-Withapparatuslikethatusedintheprepa-
rationofneopentane,dimetbylzincwaspreparedfromlKKlgrams(7.75
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moles)ofmetl@iodideanddistilledintoa ~-literflaskcontaining
XO tioftoluene.TheflaskwassurroundedbyIce,andthechlorfde
600grams,5 moles)in1000mloftoluenewasaddeduring4 hours.The
mixturewasallowedtostandfor16hours,endwasthentreatedwtth
waterendwithdilutehydrochloricacid.Thereacttonproduct,2060@,
wasfractionatedinColumn5 togivea smallmountofmethyltodide,
someoleftiicmaterial,presumablydimethylbutenesformedbydehydro-
chlorinatlonoftheallqrl’chloride,and297mlofcrudetriptsmeboiling
at78°to83°C,withnD20= 1.3g32.TWOpassagesthroughsilicagel
gavea productofthefollowingproperties,comparedwiththoseofhigh-
puritymaterial:
.
Ei@-purfty
Property Present material
.preparwtion (reference5)
Refractiveindex,nD20 1.3897 1.3947
Density,d~=o 0.6896 0.69000
Freezingpoint,‘C -26.1 -25.059
Boilingpoint,% 81.0 (Cottrell) 80.879
—
Theyieldofcrudetrlptsmesmountedto51percentofthetheoretical.
Insubsequentexperimentsitwasfoundthata largeexcessofalkyl .
chlorideofferednoadvantage,a 2-to3-percentexcessgivhga compara-
bleyield.Theexcesschloridewasfoundtobeeasilyremovedbyboillng
thecrudemixturewitha ~-percentsolutlonofpotasdumhydroxidef.n
alcohol.
Ineachofseveralexperiments,theyieldamountedto~ to52per-
centofcrudetriptane.Thetimeellowedforaddition’ofchloridewas
variedfrmn3 to8 hours,endthetemperateofreacttonfrom0°to30°C
tithout~ appreciablechangeh yield.fioneexpe~nt, In~~~chi&o-
octane(2,2,4-trimethylpentane)wasusedasa solvent,theyieldwas48
percent.
Undertheconditionsofhydrochlorlnation,2,3-dimethyl-l-%utenewas
foundtoeddhydrogenchloridemoreea~flythen2,3-dimetl&l-2-butene.
Theunreactedal.kenewhichwasrecoveredwhena mixtureofthetwowas
liyi&ochlorinatedw sfoundtobepracticallypure2,3-dimethyl-2-butene.
Veq cltghtdecompositionof2-chloro-2,3-dimethylbutanetakesplace
whenitisboiledatatmosphericpressure.
.
..
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p+iethyl-s-~hylpentane
.
.
.
Thfsoctanewaspreparedbyhydrogenationoftheolefins’w~ichre-’
suitedfromthedehyiirationof2-methyl-~-ethyl-3-pentanol.Thecarldnol
waspreparedbytlzeactionofethylmagnesiumchlorideonisobutyliso-
lmtyrate.
Toa solutioncontaining 90 molesofethylma~esiumchloridein20
litersofether was added6.335grams(.44moles)ofisobutylisobutyrate
in10.5litersofether.Theproductwasdriedwithsodiumcarbonateend
distilletiinColumn6, Therewasobtaiaea56@ mlhf2-methyl-3-ethyl-
3-pentanol(55°to57°C at48mmHg).Demdratlonwaseffectedbyre-fluxing thecwrbinolwith0.2 percentbyweightof&naphthalenesulfonlc
acid,whichgave5235mlofcrudea2kenemixture,bollin$at114°to
llgoc. Sincedehydrationf2-methyl-3-ethyl-3-pentenolshouldyield
twoalkenes:nmely,2-methyl-3-ethyl-2-pentene(b.p.about1.170C)end
k-methyl-3-ethyl-2-pentene~b.p.about1160~),bothofwhichyieldthe
sameelksneonhydrogenation,noattemptwasma?ietoseparatethetwo=
Theelkenemixturewasarid withcalciumchloriaeanddistilleafrcmso-
aium.A portionofthedistillate(4721ml)washydrogenatedtothe
-alkane,which,aftertwodistillationsfromsodiumenafiltrationthrough
silicagel,smounted”tohQ50ml, Thecompound%~sfinallyfractionated 1
InStill1,.yielding 3300.ml ofmateria.1,,whichhada refractiveinaex
constantwithin0,0001.
2j3,3-Trimethylpentane,
.-
Thishyarocarbonresultedfromthereactionbetweenisopzmpylmagne-
siumchloriaoana.t-anylchloride. ,.
To90.5molesofiso&opyln&jnesiumc~oridein30.9litersofether
solutionwassdrieag600grams(~ moles)oft-sin@chlorideduringa
periodofabout12houre.Stirringwascontinueduntilseparationf-
solidmaterialprewntea.adequatemixing.Thenthermotionmixturewas
allowedtoetsnd2 to3weeksat15°to20°C untilnomoreGrignardre-
agentwaspresent.Theproductwastreatedwithice&d diltitehydro-
chloricacidendthereeultfngorgsnicmaterialdistilledinColumn3.
Aftera forerunofether,,isoamylene,andt-amylchloride,therewasob-
talneti4400ml ofcruae2,3,3-trimethylpentane(31-percentyield~which
,.boilea112°to115°C. WhenrefractionatedinColumn1,thecrudeparaf-
f$ngave3600tioffractionsforwhich~20 = 1.4074to1.4075.:Retlis-
tillationfsccumulateaforerunsfromseveralbatohesgaveenadditional
. quantityofpuromateriel.Fromseveralrun+a.totalof39litersof
pure2,3,~-trimethylpentsnewaaprepared.
Earlyexperimentsonthispreparationweremadeinwhicha largeex-
oessofGriguardreagentwasassymwlb hedesirable,.lutitwasfound
thattheyieldofproductwas
reagent.Forexample,h one
chloridewasallowedtoreact
of2,3,3-trfmethylpentaneWaEI
actuallydecreasedby
runinwhich72moles
??ACATNNo,124~ ,
emexceSBofGrfgnard -
ofisopropylmagnesium
with57moles”oft-emyl.chloride,theyield
only21percent,
2,2,3-Wimethylpentsneqnd2,3,&Trimethylpentsne
Byfractionationofseveralcutsofalkylatemixtures,38.6liters
of2,2,3-trimethylpenteneand37.9litersof2,3,4-trimethylpentenewere
prepare~.Thesourcematerialswerealkylates,‘hydro-codimers,andtso-
octaneswhiohadacctmmlatedatthelaboratory.Thesematerialstot~ed
approximately85gallons.Someofthemwerepartiallyfractionated,some
were‘fasreceived.”
Theunresolvedalkylatesandresidueswereroughlyfractionatedin
Stills30and11intoconcentratesrichin2,2,3-trimethylpenteneand
2,3,4-trimethylpentane.Theseconcentratesw reredistilledinColumn11.
MostofthematerialwasobtainedbythesedlQtillations.Foreruns,in-
termediates,ndafterrunswereagainfractionatedinStills1 end2.
Froma totalof47distillationstherewereobtained38,610ml (at25°C)
of2,2j3-trimethylpentane(nD20= 1.4026to1.bo29)@ 37,955ml (at .
25~(?)of2,3,k-trimethylpentane(nD20= 1.4041to1.4045).Physical
“constantsofthetwocompoundsweremeasured,endagreedwellwiththose
measuredonthepurematerials,asreportedinreferences4 and5. .
2,2,~-Trimethylhexane
Thepresenceof2,2,5-trimethylhexenein’isooctaner siduewasre-
portedbyBrooks,Cleaton, andCarterin1937.(Seereference1.) By
dlstillattonofanadditional76litersofthismaterialinStill10,a
concentraterfchinthisnonanewasobtained.TMs concentrate(4525ml.,
b.p.123°tO225°C,~20 = 1.399toIJKIO)wasrefractlonatedinStill
1. Therewasobtained2005ml.of2,2,5:trim@hy2hexanewith‘arefraotive-$ndexrangeof1.3995to1.3996.
2,3,5-Trimethylhexane,
“’Thtsnonanewaspreparedbyhydrogenating2,3,5-trimethyl-2-hexenaJ
whichresultedfrm thereactionofisopropylma~esiumchlorideon1-
chloro-2,3-dimethyl-2-butene.Therewasd’soformeda ?mallsmountof
2,3,3,&tetramethyl-1-penteneinthisreaction. ,
2,3-Dimethyl-1,3-Imtsdiene.-Pinacolhydrate,preparedbythemethod
ofreference5,wasdehydratedtoanhydrouepihacolbydidtfllationin
columns4 to7. Theseaistflldtionswerecarriedoutatatmospheric
,
,
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,..“Pr&@e’”’ti~il’theh?~’~perEdmre;reqohed’122°,~;,“’wli~~,thepressurewas
..
~redtiedto@ tiIIititers”ofmercury.At:thispressurethe{anlxydrous
. .
.:-. ” p,tiaiol’d“stlllbdat‘.ll1°to114°fl;.: ..“.- .’ .:-:I‘--
.. ..
.:. ........,.,:..:..’ .,.,.. .
.... ,.
‘.’Iliordert~.d6tdi-mineth bptizm,imconditionsforconversion
@yc”olto‘2,3-dimethyl-1,3-lnMadiene,a seriesofrtestrimswere:.
“~hbrssultsare:showinthefollowingtable:..: .“
.::. ;.-;,, .. ........ .‘.”. ... :,.
. . ,.!,. ”.,.,
......
. . .,;, .,’.....,., ,,’.
. ...,..
.‘DEHYDRATIONFPII?ACC)LTO2,3-DIMETEU9mADICNE-1,3
.
.’...”. ‘!. “.’, ~:AltD’.l?INACOLONE(3,3-DIMIMIYL-27BUMI?ONE).
,. .,. . . .
. . . . .,
,. ...:
. . . 1’. -1””.1””..””
:. -.. . Plnacol Catslyet.. -
,.
...‘“.Riii. taken “...’.”.”’.
,.:,...~.
,:’..’?(m)
,
,,.,“:;. . .
“,”. ,,.. 1“’“,‘:h53 ‘ 1“.5grams48-percenthydro-
:....-. ;:I ..
.lwomicacid
II..... .... .,,.
,.,,..’.”’2.“ ~.500”5.0grenmp-naphthal’eneeul-/.<,...,:,... ., ... “f.onic.aoid
,.. ,,. ..
.,
.
-.”.’. ..’
“’”‘r3”’’l”5mI ‘mid:‘: ~L5.0.gramsp-tdu.eneLsulfonic
t. Ii., . 4. ,.;500I7iOgraMsani>tiehydro-... .lmomide:“... . .
,-. L .,...’ I .,
...
fthe
made.
Yield(percent)of-
Dimethyl-
butadiene
,.
. ,.
45 .:,
. /
., >
36 .’:
“’&.,:
.,,..,.
18 ‘.:
.’.,
,,
.-
. .
..’,
Pi’ticolone
,“;.ig
,.,.
34
., -,.31
.,.
15
:.,’
.. .’. . ‘. . . . .. ... , ., .,.7,. :.
,., ., In these&perfments,thepin~olwas,ref’l~e~with,the,q,a@l&stinCol-
.;:,.unms5.~or7. Theproductofeachrunwaswashed.drie&an&.distilledin
.-ColuL&6 ~m analyele.:Fromtheresults.0+,the&exper@nts,itwas
..J “concludedthat.48-@ercenthydrobr@.c-.aoi~-was:.the.% st@talystofthose
:. triedforthts’dehydration.:Bydeh@rating.,sever~Mtqheqofpinaool
.-~(.2,5to.,3.0kg~erbatch),-17.4,l\ter@of.2,3?,dimetjl@-lr3-tn@adienew s .
preparedwhichboiled68.5°to‘j’l..5,0Cla$758.mi.1.limgters..,.~..
..,-/.
. . ..,-&Chloro-2,3;dtiethyl-2-bu%ene.-Thqadditiono?hydrogenchlorlde
.,.
..to:2,~*dimthylFl,3-butdtene,ms dccompltshed~intheapparatusdescribed
,,. in”reference.2,.Thereaotfonchamberswerek ptat.-30°C,anddryhy-
drogenchlorideandalkadieneaddedsimultaneoud~, The dailyoutputof
.
theapparatuswas1.0to1.5lltersofchloride.Theproductwasfreed
ofdissolvedhydrogenchloridebyaerationwithcarbondiexidendstored
oversodiumcarbonate.Distillationanalysisshowedthattherea.otion
waspraotical~
hile~at32° c
quantitative.Theproduotused forfvrthers~thesis
at45millimetersofmercury.
\
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2,3.?H?rimethyl-2-hexene,-Toanethersolution
propyhagnesiumchloridewasadded7,32kilogramsof
2-butene.Thereactionmixturebecameveryviscous.
of62~ld~ ofISO-’ .
l-chloro-2,3-dimethyl-
snditwasnecessam
totid~re etheratintervals.Thereact~mwaaw&cedupafterb days-
sndtheorganicmate@al.wasdried,theether removed,andthecruderes-
iduedistilledthroughColwm3 (b.p,70°to71.0C at$Xlm,
nD20u 1,4299),Althoughtherewasnoappreciableforerun,a largeamount
ofhigh-boiltngmaterial(175°to2000C)waspresent.Thismaterialwas
notidentified,butispresumedtobepolymers(climersandtrimers)of
thealkadieneformedundertheInfluence oftheGr@nardreagent.
Thecrude2,3,5-trimethyl-2-hexenecontaineda considerablequantity
ofchloride,.thegreaterpartofwhichwasremovedbyboilingwithalco-
holicpotassiumhydroxide~Hydrogenationofthecrudealkenegave2,3,~-
trimethylhexsne,whichwasfilteredthroughsiltcagelanddistilledin ,
6olumn3. I%n2500ml ofmaterial,therewereobtained900mlwhich ‘
boiled131-.9°C (nD20= 1.4060to1,4061)andSOml’ofa hydrocarbon‘
whichboiledlkli9°C (~20= 1~4218), ThelatterwasUlentifieda
2,3,3,4-tetramethylpentsneby comparisonwitha samplepreparedinanother
manner.A residueofabout1 literwhichboiledabove1650C resulted
fromthisdlstlllatlon.Thisresiduewasprobablyformedbytieaction
of potassium hydroxideorhydrogenation catalystonthe’unsaturatedhalide
whichwaspresentinthecrudeolefin.Obvfously,mostoftheGrignard
reagentwas.dissipatedinsidereactionsratherthanbycoupll.ngwil@the
chlorideIntheexpectedmanner.Thistendencycouldpossiblyhavebeen:
decreasedbycarryingoutthereactioninamorediluteSolution,“
Thispreparationwasmadein1939atthesuggestionf Dr. C. E.
BooniofOhioStateUniversity.Thegoalwasthepreparationof2,3,5+
trhnethylhexaneand2,3,3,h-tetramethylpentane.Ther actfonyielded
abouteighteenpartsoftheformertoonepartofthelatter.Thesetwo
hydrocarbonsprobablyresultedfrcmtheactionoftheGrQmrd reagenton
twoZsomersof2,3-dimethylchlorobutene.Th s twoisomersprobablywere‘
l-chloro-2,3-dimethyl-2-butene,fohm dby1,4additionofhydrogenchlo-
ridetothediolefin,and3-chl.oro-2,3 dWthyl-l-butene,formedby1,2
addition.Theformerchlorldewouldbeexpectedtoreact withisopropyl-
-s~~chl~ride togive2,3,5-trtmethyl-2-hexene,andthelatterchzo-
ridetotogive2,3,3,4-tetr~thyl-l-pentene.
..
E.T.Clinehasmadea &udyofthisreaction(reference24),in
which ydrogenbromide,ratherthanhydrogenchloride,wasused,Eeob-
taineda ratiofalkenesof1,6partsof2,3,5-trimethyl-2-hexeneto1
Pat%of2,3,3,”4-tetrsxnethyl-,17pentene..
.
.
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. 2,2,4-Tr@ethyIhexsne
“In 1937,Brooks,Cleaton,endCarter(reference1)isolatedenun-
lmowmnonenefromtheresidueo%ta.inedinthedistillationofisooctane
(2,2,4-trimethylpentane),whichwastentativelyidentifiedas2,2,k-
trimethylhemme.Inordertoextablisht eidentityofthishydrocarbon.
a sampleof2,2jk-trimethylhexenewasprepared,anda comparisonfphys-
ioal.propertiesmade.
Diisoln@lenewasoxidizedby sodiumbichromate,asdescribedin
reference15byWhitmore,Homeyer,endTrent,togivetrimethylacetic
acidandk,4-dimethyl-2-pentenone(methylneopentylketcne),Thgoxida-
tionofdiisobutylen~ismersISfilBcussedtireftiy inlatersections. I
.
.
TO790molesofethyxesium chlortdein1400mlofethersolution
wasadded742grsms(6.5.males).ofk,4-dfmethyl-2-pentanone(b.p.12~L”C
at760~@, nD20= 1.4038)in~ mlofdryether.Thereactionmixture
wasallowedtostendat~oomtemperaturefor35hours,refluxedfor6
hours,endthenworkedupinthestand@ menner.Theorganicmaterial
waswashed,dried,enddistilledinColumnh. n.additiontoetherand
recoveredketone,409grams(2.9moles)of3,5,5-trimethyl-3-hexanolnd
84grains(0.6mole]of’nonenesresultingfrcm-prematuredehydrationf
thecsrbhol were obtained.Thepurifiedcsrbtiol*S dehydratedbyheat- !
ingwith~-naphthelenesulfonicacid(1gram)togivea mixtureofslkenes
whichboiled1270to13P C. Theyieldwas335gruns(91percent).This
alkenemixturehasbeensnalyzedbyWhitmorendCook(reference16)who
foundbyozonolysiathatitcontainedapproximatelythreepartsof3,5,5-
trimethyl-2-hexene,onepartof2-ethyl-k,4-dlmethyl-l-pentene,anda
traceof’3,5,5-trimethyl-3-hexene.Allthesecompoundsgfvethesame
alkanewhenhydrogenated,sonoattemptwasmadetoseparatethem.
“Thealkeneswerehydrogenated,andtheproductfiltsr?dthro@”
silica’gelnddistilledinCQlmn~.~Themiddle.70percentofthqdis- 1
tillata,whichdistilledata constanttemperature,wasretiistilled$in
thesame.colunm,themiddle25percentofthedistillatefromthelatter
distillationwasusedinthemeasurementofphysicalprope@es.The
propertiesofthesynthetiomaterialaregiven in table2 andarecompared
inthefollowingtablewiththepropertiesof,2,2,k-tr~thylhexene,which
was3.solated,bythepresentauthors.Theidentityofthetwoisproved
bydataonthefreezingpoint.ofthe50:50mixture.
.,,
. .
.. .
..
.
.,.
.. . .
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Syntheticmaterial. ZYactionfrom
Property~ 2,2;4-trlmethylhexeneAsooctaner sidue
(reference1)
Boilingpotntat760mmHg,‘C 126.54 126,51
Chemgein%oilfngpofntwith
pre8sure,OC/&nHg 00.0503 -..
Freezingpoint,‘C -123.h(rep) - -129.53
Freezingpointofmixture,‘C -124.19 -124.19
Retractiveindex,~20 1.4033 1.40312
%= 1.4010‘ ---,.
Donstty,gin/ml,d20 o.n$ % .7153
d.=s O.71X8 ---
..
.
%he publisheddensity,0.7048(reference1)ofthemateriai.isolated
fromieooctaner siduewasinerror.A recalculationoftheoriginaldata
gave0.7153,redeterminationgave0.7154. .
2,2-DhMAhyl-3-Ethylpentene
Thesynthesisof’2,2-dhethyl-3-ethylpentanewascarriedoutinthe
followingsteps:(a)Reactionoft-butykgnesiumchlorldewithcarbon
dioxidetogivetheGrignardcomplexoftrimethylaceticacid,(b)reac-
tionofthiscomplexwithethyl.magnesiumchlorldetoproduce2,2-dimethyl-
3-ethyl-3-pentanol,(c)dehydrationofthecarblnolto4,4-dh@hyl-3-
‘ethyl-2-pentiene,and(d]hydrogenationoftheolefinto2,2-dimet~l-3-
etliylpehtane.“
,..
To 50.2 moles of~-butylma~esiumchloridein1.8litersofether,
cooledto5°C,was~dded3 kilogramsofsolidcarbondioxideinsmall
pieceswhilethe”reactionmixturewasbeingstirred.Stirringwascon-
tinuedwhilethemi’xturecametoroomtemperatureandwhileitwasheated
b refluxfor2 hours.Itwasthencooledand104molesofethylmagne-
siumchloridein20litersofetherwasaddedslowly.Afteradditionwas
complete,themixturewasstirred.for6 hoursandallowedtostandat
roomtemperaturefor2 days.TheproductwasdistilledIncolumn6.
.
Fromthisdistillationwasobtained3485grams(48.2percent yield)of
c=binol(b.p.go”ta95°c at~0m I&,.151°to176°C’at756mmHg, .-
nD20= 204417,d=o= 0.8’jl).Thecarbinolwasdehydratedbyheating
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&th f3&phthal.ene
a%ionof thecrude
sulfonicacidtogive3600mlofalkene.Fractlon-
alkenelnColumn5 gave26&)tiof.purlfied4,k-
Mmethyl-3-ethyl-2-pentene.,TheQlsenewashydrog&natedYandtheproduct
filteredthroughsilicagel”enddistilledinColumn1. Fromthisdistil-
lation3.650tiof.constent-tiiling2,~-dimetiyl-3-e~lpentene
(W’”= 1.41225to1.41230)wasobtained.
2,&-D~ethyl-3-Ethylpentane
r,
. Preparation,f2,k-dlmethyl-3:ethylpentan&wasacc~plishedbyhy&o-
..”~.genationofthealkeneswhich-resultedfromthedehydrationf2,4-
~~’Wmethyl-3-ethyl-3-pentanol:Thec~blnolresultedfromtheactionof
ethylmaguesiumchlorld~on2f&dimethyl-~-pentanone(~iisopropylketone).
To76.2,.molesofethylmagnesiumchloridewasadded75molesof2,4-
,. Mmethyl-s-pon>enoneduring2 days.Theproductwasrecoveredbyadd2-
tionoficeendammoniumchloride”tothe.reactionmixture,endbysubse-
quentdistillationgave5650grams(52.3percent)of”2,@limethyl-3-ethyl-
3-pent~ol.A puresamplewasobtainedbyredistillationofthebest
Portionofthecrude.
. >
Thecarbln#ol”wasde~rdratedwith~-naphthalenestifonicacidtogive
~6110tiofcrudealkeneMxtwe. A chargeof2 litersofthedehydration
productwasfractionatedinColumn5 formaI~sis.Theindividual.o efins
wererecoveredintheratioof77percentofthelower-boiling2,4-
dimethyl-3-e~hyl-2-penteneto23p rcentofthehfgher-lmiling&methyl-
3-isopropyl-2-pentene.A s mpleofeachoftheseieomerswasredistilled
fordete~nat~onofphysical-constants.Thevelues olN@nedwere:
.,
. . Property
Boilingpointat760mmHg, ‘C
%fractivehdgxj nD20 .
.,
%25
Density,”d20 L
..: 25d.
. 1.
2,k-Dimethyl-’
3-ethyl-2-
pentene
“130.5
1.4227
1.4204
0.7433
0.7385
4-Methyl-3-
tsopropyl-2-
pentene
138.7 . “’
1.4349
0.7584
0.7550’”.
.,
Hydrogenationofsmplesofbothalkenesyieldedthesamealkane.
The~ene mixture(b.p.12& to140?C]washydrogenatedandtheresult-
. ingproductd+stilled.inColumu4. The.portiofiboiling136°tO.1390C
wasfii%~redthroughsilicagd qxt refr&tionqtedin.Col&n2. ‘~
,.,,,
,. ,...
,.
,..
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In1945thepreparationwasrepeatedona
Forthispreparation,2,4-dimethyl-3-pentanone
NACATNNo.H?47
somewhatlargerscale.
w sfractionated’inStill
.
11. “Only$hepurest-”fr&tionsobtained(b.p.124.60to124.7°C,
nD20= ~.40~5to1.~017)wereusedinthesubseQ~~ent@thesis.-The.car-
binolwa~theproductof’reactfon.ofthe,GrignardYea”gentprepbredfrom
260moles@ ethylehlorfdewith223”mo16sofr6distill@dketone;.Tho
re”tictionprcductwa~.distilledinColw&21:imtlltheheadtem~erature
was130°C. ‘Asamp16(1600grams)oftheresidue’was~.di.stillednColumn
h. Fromthisdistillation,there”wereobtained1130grams,of,purecar%i-
nol(2,&dhethyl-3-ethyl-3-pentmol,b.p.94.5°to95.0°C at 47mmHg)
andabout200gramsofIec+spuremateriel.A samplefromthemiddlecut
ofthisdistlUatlon,was&sened for~physica.1.’onstantsmeasurements,
‘Therestofthevndistflledresiduewasdeh@rated,with.,Bi7naphththe,lm
sulfonicacid,andthedehydrationproductswere.washedjdrl,e~j<,~d.dis-
tilledinColumr”ll..Analyslsofthedistillationcurveshawe~theprs-
enceof77volumepercent(13.4”llters):oflower-boilingglet3ny’,@23
volume’pebctint(4.0liters)ofthehigher-boilingsomer.Inthisdistil-
lationa bestsamplefromeach.oftlte,plateausw srem?rvetandredls-
til.ledinColumn17”forphystcal*constantsmeasurements.Eydrogena.tibn
of.theolefinswascarriedoutaspreviouslydescri%ed.The pai%ffinwas
fractionatedinColumns17,18,19,and20. Therews obtainedll@O ml -
ofpizrehydrocarbonforenginetests.Physic~constantsofmaterials
synthesizedinthislaterpreparationaregiven in table 2. ‘ .
.
,,
.... . . .,
‘*
...
2,2,3-3~Tetramethylpentane{Te rene)l ~ :, “.,
Thesynthesisof2;2,3’,3-tetremethylpentane(anewcompounddesig-
natedteln%he)wasfirst&c&omplishedin1940(October-December)..’Ther -
‘“-iictioninvblved(a)preparationof2,3,3-trimet~-l-2-butqnol(t~pt~ol)
“from3,3-’d~~et@l-2-%ut/~none(-pinacolone)a dmethylmagmsivmbromide,
“(b)reactionofthiscarbinolwithhydrochloric.Ewidto,give2:chloro-
“:2,3,3-trimetfi.ylbutane.(triptylchlorfde),end(c)reactionofthechlo-
ridewithethylaqgesiumchlotiidetogivethenonaneand2,3,3-trimethyl-
.l-butene(triptene). .
.. .. ..
FrOM82m?lesofpinacobneand84meleeofrne~lmagnesivmbromide,
56:5molesof’2,3,3-trZmethyl-2-butanolwasprepared.~is carbhol was
dissolvedinether,andthesolutionshakenwithseveralportions.ofcon-
;centratedhydrochloricacid,Samplesoftheethersolutlonwereremoved
periodically.Thesublhiktlonpointofthecrudechloridefromthese
ssnlplesroseto131°to133°C. Recrystallizedchloridewasfoundtosub-
limeat133°C. Thechlotidesolutionwaswashed,dried,pndaddedto115 -
molesofethylhagnesiumchloride.Themixtmewasstirredfor~ hoursand
thensUowedtbstandfor.1weeksatroomtemperature.
—.
~CompoWdsdesignated@th
‘,
.
.,.
,’
asteri~s:~e,belie.vpd-@’be:pewcompounds.
,,,. .
,,;t*;.
,,. . ,,..1,
~,, -, ,.
..~.,‘!“:!”;)!..:1,..,,.,
.,’,.,,
,.’,:,, .,
. . . ,’,...”
.,
... . ;
. .. . .. . .
,. .,.
1
. . .,. ,
. . ,,
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Afterthere&tlonmixturewasworkedup,theorganicmaterialwas
distilledincoIumn6,andyiblded?300mlof recoveredtriptene(tri-
methylbutene)and1900mlofcrude2j2j3,s-tetramethylpentane,whichwas
contaminatedbya oonsiderablqamountoftriptanol.Thecarbinolwas
filteredoffasthe.hy~atq,E@ the’ftltra~edrieiiandfilteredthrough
Silicagel.me volumeofnonanerecoveredwas1~0 ml,whichrepresents
a yi.el~of9 peroent,baseaon”theoriginalpinacolone.Distillationof
thismaterial.inColumn4 gave10& mlofhydrocarbonwhichwascollected
at88.6°to88.70c at159mill~etersofmercury.A portionofthisma-
terialwasrecrystallizer peatedly,untilthe,refractivendexand
freezingpoint:wereunchangedbyfurthercrystallization. Physicalcon-
stantsweremeasured’~nthis,samplegA’secondrunofthispreparation
w&smadeinMtich1941;inWhich”recrystallize&triptylchl~ldewas
reactetlwithanequimolarquantityoftheGri@ardreagent.Inthiscase
theyielilwasincreasedto22percent,baseaonthechloride.
Procurementof10gellons’ofthis‘hydrocarbonwasundertakeni
1941.Partofthis(2.9gal)waspreparedatOhioStateUniversityhe
restwaspreparedintheselaboratories.Thislarge-scalepreparation
‘wascarriedoutbyamodificationofthetechniqued velopeaatOhio
StateUniversity.ThechloridewasaddetlotheGrignardreagentin
. etght’equslportions,in8 successive@ys,whilethereactionmixture
waskeptat35°C.
Animprovedmethcdwasdevisedforthepreparationfthelargequan-
titiesoftriptylcliloriaenecessaryforthissynthesis.Theequipment
consistedofthreereactors;madefrom30-inchlengthsof12-inchpipe,
closedatbothendswithcompaniona dblindflanges..Oneen~ofeaohre-
actorwasfitteclwitha smallsteelvalve(1/4~n.).Thesereactorswere
refrigerated(-30°C)anawereconnectedtoamanifoldthroughwhichhy-
drogenchlorideco~dbeadmittecltO.eaGh.Thermotorswerechatiged.with
tripteneinwide-mouthbottles.Theflangesofthereeptorsweresec,ured
byboltsendthereactorswereallowedtostanduntilcold.Hydrogen.
chloridewasthenadmittedmtll thepress~ewas100to120psi. The
pressuregraduallyfellasthegasreaQteduntilthepressurewasabout
50to60 psi..Thentheprocesswasrepeateduntiltherewasno,appreci-
,able,changeinpreesureduringenhour.Theexcessgaswasreleasea,the
systempurgedwithdryair,andtheproductremoved.Theyieltwasprac-
ticallyquantitative.Thepro~uctwasuncoloream containeda.small
amountofexcesshydrogenchlortd.e.Thisexcesswasconvertedtoa3@l
chlorfaebya&Mnga smellamountofolefintoeach@ S@ ~lowing~ .
standuntilreaotea.Bymeens ofthistechnique,20to35litersof
triptenewasconv@@ tothechloriae@ 1 working day.
To 300moles”of’ethylmagnesiumchloridetherewasaaded300molesof
triptylchlorideinefghtequalportionsduring8 days.Duringthistime,
thereactionmixturewasheated.tore~luxtemperatureendstirred.Atthe
endof2 to4 additionaldays,whenalltheGri~ardreagenthadrsaoteil,
22
themixturewasworkedupwithIceand
timeswithwater.Distillationofthe
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hydrochloricacidand,washedfour
ether,endofmostofthetriptene
wascarriecloutfroni the &actIonkettle,tiedistillatewasdx~edand
redistilledinColumn3.2or13forrecoveryoftriptene,.
,~eresidueinthereactionkettlewas”boile’dwithsodiumpropylate
inpropylalcoholtitiltheproductwassubstantiallyfreeofchloride.
Aftertheproductwaswashedfitwassteamdistx?lled,andthedistillate
&rfedandboiledwithalcohdlicsilver’nitratetormnovethelasttraces
ofchloride.Thentheproduotwasfiltered,washedseveraltimes,driefl,
anddistilledinColumns”ll,18, 19,end20, Fromtworunsasdo”scribed,
whichwereworkeduptogether$therewas,obtal~ed14.P2kilograms(116.6
moles)oftetranewhichwas99.6molepckcentpure.Thtsrepresentsa
yieldof19.hperoent.A totalof21.7kilogramswaspreparedbythis
method.
,.
‘*2,2,3,h-Tetramethylpentene‘end2,~,3,h-Tetramethylpentqn,e
Thefirstpreparationofthesetwonc)naneswasaccompl+sheain&zne
1941byhydrogenationofthed.kenes(reference17)formed,bythedehydra-
tionof2,2,3,k-tetramethyl-3-pentanol.Thecarbinolwabpreparedbythe
reaction%etweenmethylmagnesiumbromideand2,2,k-trimethyl-3-pentanone.
Thisketonewastheresult ofoxidation,of2,2jh-trhnethyl-3-pen-lmnol,
oneoftheproductsresultingfromtheu,otionft-butylmagnesiumchloride
onisobutyraldehyde.
.
Themethodofrefetience17wasusedtoprepare2,2,4-trime,thyl-3-
pentmol.To55molesoft-butylmagnesiumchloridewasadded3960 grams
(55 moles) of ~sobutyraldehyde.Distillationoftheorganicredction
productsgave4290grams(33moles,60-percentyield)of2,2,&trimethyl-
3-pentenol.Thecarblnolwasoxidizedtopentsmethylacetone(2,2,4-
trimethyl-a-pentanone)wf,thpotassimdi’chromatendsulfuricacid,by
methodofFawors&.(Seereference18.} From32molesofcarbinol,
therewasobtainod3150giams(24.6moles,77-percentyield)ofketone,
.which’wasdistilledinColumn5. ‘
The2,2,4-trimethyl-3-pen&mne(24.6moles)in6 litersofether
waareactedwith26molesofmethylmagnesiumbromide,andtheproductdts-
W1.ledh Column~ until thetemp&atvflereachedlh30C. Atthispoint
dehydrationofthecarbinolwasbeginnl~totakeplaoe,sothedistilla-
tionwasinterrupted,andtheclear,slightlyyellowresidue(29?0ml)
wasdehydratedWith~-naphthal.enesulfonicaoid.
;l?r~thedehydration’~hereresulted 2h10mlofalkene&ixtwe,which
wasdriedanddistilledinColunn3. Thefollowingfractionswereob-
tained:
.
.
,, .. .
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3Wction
1
2
5
gl *O119 r23119to124 1550
124 to 129 ZOo
130to135 “ 600
>135 1 120
Forerun
3,3-Dimethyl-2v
isopro~~l-1-b,utene
Ihtezmediate ‘
2,3,3,k-Tetramet~J.;
l-pentene
Restdue
..
IYactions2, ‘3, and 4 representa combinedyieldofalkenesof15.9
moles(65percent,basedon2,2j4-trimethyl-3-pentenone). Samplesfrom
themiddleoftheplateausrepresentedbyfractions2 and.kwerereserved
forphysical-constantsmea urements.No attemptwasmadetoisolate
2,3,4,k-tetrsmethyl-2-pentene,a verysmallquantityofwhichwasfound
byllhitmoreandLau@linin’reference17.
Theallsenefractionwhichdistilled119°to124°C washyd,rogpna~ed,
andtheproductwasfilteredthroughsilicagelanddistilled,in,”,polamn
3. Therewasobtained1G7Qmlofhy&ocdrbonwhich%oiled133.7°to
3.34.1°C, ~20 (uncorrected)= 1.4147to1.4150.(l’Uhcorrect&d”means
no correctionforpoesibleinstrumenterror;’)Redistillationofthisma-
terialgave93Jw collected.at133.8°C. Physical.constantswere”deter-
minqd,on.as mplefromthe,cent:rof,thisfr~tion~ t.
.,
The’i&ken&fr~t~onh ti&{reafqdfl~~likemc&er,’an’’”yielded347ml
oftiter$~”qoll+cted‘atl’42~C’(uncoirec”te&),fractions~’ofptihichshowed
‘=o’(Wcorrect.ed)of1.42?.9,to1.4220.A,,.a$~frqc,t~~e’-.~d~~r-e D
sqmplefro~’~his,d,i,st~llation~S “re&z-@.’for-d,6te~n&ti~on’ofphysfc”al.
ccnstsxits..All”<inte~diate,frcict~ons,fore&u@,redidueti,a@ niaterial
elutedfrm ‘sflicagel“werehydr~genatedandd+stille.dinColumn8, In
thisway,fherewereobtained’”~additjion&l200~.o<2;2,3~4-t6tr~thyl-
pentqnend14.5”nilo?2,~,3,4-te;tremet~lpantane~ .
..;..
. . ‘..’
Testsonthesetwohydrocarbonsdemonstratedthetivikabilityofpre-
paringlargerquantities.Consequently,10gsllonsofe’achwassynthe-
sizedatPennsylvaniaStateColleqe.T1’+esehydrocarbonswerepurifiedin I
theselaboratoriesforenginetestsby.distillationinColumn..,l.New
puresamplesforme%urememtofphysical.constants”wereobtain6dconcur-
rently.The,improveddata’aregiveninta%le2.
. .
.,,:.. \ !.
I?ACATN
l’Mrnethyl.-ZincSynthesisofThreeTetramethylpentenes
No.1247
Anolefinco-polymerf actioncontai~ 3,4,4-trimet~yl-2-pentene
and2,3,&trimethyl-2-pentene,wasreactedwithdr,yhydrogenchlorideun-
tilabout60percentof,theoloffnwasconvertedtochloride.This
chloride-olefinmixturewastreatedwithdimet~lzincina solventOT
hydrogenatedco-dimer,whichcontainefl2,2,3-and2,3,&trimethylpentenes.
ThQresulte,ntyroductwashydrogenatedtoa mixtureofhydrocarbons,all
knowntohavesuperiorcharacteristics.Thisstudylbd’tb”’theqswthesefl
ofthesecompo~dsina purestatebythismethcxi.
Secondaryandtertiaqbutylalcoholswereco-polymerizedinthe
presenceofsulfuricacidinthemannerdescribedinreference19. A
portionofthoproductwasanalyzedbydistillationinColumn1 endwas
foundtocontainthedilsobutylenes,2,k,&trimett@-1-and~2-pentenes
(~ Percent),3 4,4-trimethyl-2-pentene(23percent),2 3,4-tr~.methyl-2-
pentena(37percent),andhigher-boilingmaterial(15pei-cent).Therest
of,theolefinmixturewasroughlysep~atedbydistillationIn’Column7.
Thefractionswhichboiled107°to120°C amountedto9740gramandcon-
sistedof2,3,&trimethyl-2-penteneand3,f+,&-trimetll@-2-penteneasma,jor
components.partofthisfraction(6300gr~) wasfract~o~tedincol.-
umn2. Bythisdistillationtherewereobtained;1150@%msof3,4,4- .
trhethyl-2-pentene(nD20= 1:4230,,n 25u 1,4205,d20= 0.7392,
Yd25u,o.7350,b p.112.1°tou2.80C,,and@65 &smsof2,3,4-trimethyl-2-pentene (n20= lrh275,%25 = 1.4250,d20=,0.7434,~=5= 0.7391;b.p.
.
~116.3°to.~ ;5°c). ,.
Thesetwoalkendswere’reactedseparately%rithhydro~enchlorideat
-6ooc inQZIapparatusdescrfbqdinreference2 untflapproxi~tely60
percentofthe+Lke;ehadbeer+converted.,toalkylchloride.,The~roducts
werewashed,,dried;am?.fz’actionatedin.Columen3. In”th%swqy,‘/16grsms
ofconstant-b~fliag3-chlo&o-2,2,3-.trimeth.ylpentanewasobtai dfromthe
3,,4,4-trlmethyl-2-yentene.Thechloride“froln2,3,4-trimetl@-2-pentene
(1410grams)wasprobablyamtxtureof2-chloro-2,3,&trhnet@lperr&ne
and3-chloro-2,3,&tz%ethylpentan?.Sincethesetwochlorideswerecx-
pettedtoyieldtwodifferentonanes(b~reaction~thdimethylzinc]+
withboilingpointsdifferingbyabout& C;tioattemptwasmadetosepa-
ratethechloridemixture.Physical,c,onetantsmeasuredonthechlorides
are,incltidedintable2.
. ,,
.
2,2, ,.3,3-Tetr’smethvlpentane.-Inth apparqtus,andbythetechnique
describedpreviously,4.Kiis,(614 WSM6),of3-chloro-22,3-trimot~l-
pentaieinTOOmlof isooctqne (2,2,4-trimethylpent~e,‘S-4refei-ence .
fuel)wasallowedtoreactwiththe?iimethylzincfrom7.75moledof
methyliodide.Thedimethylzincwasina aolutlon with500mlofiso-
octane-Thebathtemperatureforthereactionwas70C. Theproductwas .
‘boiledfor2 hourswith5-percentpotassimnhydroxideinalcoholswashed,
andfractionatedinColumn4. Thisdtstlllatlongave:
..*
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.
.,,
Boillngrmge ‘ .“
Fmiction(Headtem;fra@re) Refractiveindex,nD20
1 ‘;~~ “ .“
—.
i g6to100 1130 1.3918
100to110 65. . 1.4059
3%04 110toU6 231 i.41~t&.422s
5 116to138.6 27
6 138.6to140.3 39 I:4226
7“ 140.3 150 ‘ 1.4233
)istil.lation.oftheresiduewascontinuedinStill8 andgave:
8i
J
140m3 77 1;4232,
9 (Residue)s340.3 10 .’ 1.4379,
7
““Fraction1 was,recoveredsolvent.Alkene”by-productsofthereac-
tion,formedbydeh@rochlorinationofthe4kyl chloride,werecontained
.infractions2 to5. By thelowrefr~tiveindicesof”thessfractions,
itisindicatedthatthismaterialconsistedmostlyof3,4,k-trime%hyl-
2-pentene.Theyieldof2,2,3,3-tetremethylpentane(fractions6,7,.and
8)amountedto37.7-percentbased,onalkylchloride.3?raction”7,after
filtrationthroughsilicagel,kadthefollowingproperties:freezing
point,-ll.@”C,boll.ingpoint,140.20°tol@.230c at76omillimeters
“ofmercury;refrtictivendex,n~20=1.4233,nD25= 1~4211~density,
d20=o,7565,’aas= 0.7527.’Itmaybe seenthattheproductwasofhigh
..
,...
puritywhentheiieprope~iesarecompare-dwiththoseofthe-puresample,
aslistedintable2. Thefreezingpointindicatesa purltyof,a?xmt
99.5molepercent. ~ . . , r
2,2,3,&. ”and2,3,3,4-Tetramethylpentanes:-Byu&e;ofthe“&meproced- .
ureas.described,tworunsweremadeinwhicha totalof8.35rnqlesof
themixtureof2-,aid3-chloro-2X3,4-trimethyl’pentaneswasreaotsd,,at
10°C,.withthedimethylzincfrom15.5molesofmethylIodide.Thecom-
binedproductsw&e refluxedwithalcoholicpotassium-hydroxide,washed,
dried,enddistilledinColmnk. Thisopera.tlongave: .
..
..
..,O *
-. !,.
..
..
,.. ......
,.
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.,
Boilingrange
Fractfon (HeadteTrature)“1 IVolume Refractiveindex,nD2c(ml), #
1 ~ to 100
.
20;: 1.3917
.“
’100to11~ 1.4080
3:04 ‘, u? toSL9 ~ 440 ‘1.4269to1.4267
119to130 31 1.4219
6~8 130.0to133,5 139 1.4158to1.b150
9 “,133.5td134.0 138 L 1.415210 134to140 64 1.4183
TheresiduewasdistilledinStill8,andgave:
11‘ 140.0to141.5 v .10, 1.4212
.12 141.5tO142.0 60 1.4218
13 142.0to143.o 20 1.4221
14 143to165 10 “1.);~l
?n~avle)”------------ R? ‘ 1.L57nI 15(RL-, ! -4 I -.,<I“,. .. I J
. Fraction1 wasrecoveredisooctane;fractions,3to4 werealkeneby-
products,tndicated’tobemostly2,3,4-trimethyl-2-penteneby herefrac-
tivelndtces.Thetotalyieldoftetramethylpentanes(fractions 6 to14) “
mountedto30percent,basedonalkylchloride.Thesetetr@ethylpen-
“~es consistedofal)out71percentof2;2,3,4-tetrsmethylpentaneand
about29percentof2,3,3,4-tet_thylpentsne.
,“ ‘,
Fraction9,afterfiltrationthroughsflicagel,hadthefollowing
, properties:freezingpoint,-122.54°C,boilingpetit,133.3°to133.k°C .
at760mil~imetersofmercury,refrtitiveindex,n 20=,1.4148,
nD25= 1.4127;denst%f,d20= 0.7397, Bd25= 0.735: Thesevalueuarein
agreementwiththosereportedforthepure2,2,~,&tetrkmethylpentsneIn
“ table2. Fraction12wasfilteredthroughsilicagel,andtheeluentused
forMasuremontofphysicalproperties.Thesepropertieswerefoundto
be: boilingpoint,141.3°to141.4C at760millimetersofmercury’jre-
fractiveIndex,nD20= 1.4217,nD=5= 1.4196,density,d20= 0.7545,
ii25= 0.7S12.Thesedataagreewtththosereportedforpurer2,3,3,4-
tetremothylpentaneintable2.
A tetramthylpentane,ssumedtobe2,3,3,4-tetramethylpentane,was
preparedbyDinerstein(reference20]in1940,byactionofdimethylzinc
on3-chloro-2,3,&trimethylpentsne.La erworkbyEnyeart(reference21 -
andbythepresentauthorshowsthatthehydrocarbondescribedby
Dinereteinwas2,2j3,&tetramethylpentane,
.
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*2,4-?)imethl-3-IsopropyIpemtene(Triisopropylmethne)
Therecentpreparationsoftrtiso~ropylcarbinolytheactionof
isopropyllithiumon2,4-dimethyl-3-pentanone(fliisopwopylketone)(see
reference22)andbytheactionofisopropylchlorideondilsopropyl
ketoneinthepresenceofsodium(seereference23)havemadeavailahl.e
a methodforsynthesizing,triisopropymthane(2,4~dim~l-3-i~opYgpyl-
pentane).A quantityofthiscompoundhasbeenpreparedbytheuse of
isopropyllithium.
Preliminaryworkonthisreactionwasperformedinseveralsmall-
scalexperiments,ineachofwhich10gramatomsoflithlum,6.5 moles.
ofisopropylchloride,5.4molesofdiisopropylketone,and2000mlof
solventwereused.Durtngthisstudy,itwasfoundtlmttechnical2,2j4-
trimethylpentsne(isooctane)served.admirablyasa sol~entwhenitsuse
wasaugmentedbyefficients irringand,er!!ernalcoolingofthereaction“ ,
mixture.Nopreliminarypurificationofthesolventwasnecesseryend
thehaz=dsaccompanyingitsusearemuchlessthanthoseofpetroleum
ether,usedbytheorigintiinvestigators.(Seereference22.)
Thepreparationoftheconsiderablequantitiesoffinelydivtded
lithtarequiredwasexpeditedbytheuseofa smallIaboretor.rolling
mill.Whilethelithiumwasbeingworkedinthemillitwas-luhr$cs.ted
andcoatedwithamixtureofti-percentisooctaneand20-percentlight
mineraloilappl~ed%ymeansofanoilcan.Th~stechniquet n.~.edto I
preventhelithiumfromstickingtotherollsan~alsoprevente~xces-
siveoxidefomnation.Therolledpieces,about0.003inchthick,were
cutintoribbonsenilthenin%osqwes fnlargeshallowpanunderiso-
octane, .’
.. Theyieldsinalltieprellmimqrunse@nted to18to:22percent
ofcarbinol.No appreciablechange@ yielflwasexperiencedwhenthe
reactionbetweenisopropyllithiumsnd,dlfsopropylketonew.zs,carriedo“ut
at99QC;thetemperatureofImilingisooc~sne,rather.thanai35°C,
thetemperatureusedbytheoi*i@M investigators. . .
1
‘Afterthetechniqueof”handlingthereaction. @d been sufficiently
developed,alargerunWascarriedoutinthe50-gallonstainless-steel
kettle.Thatotal’qyb,ntikyofreactantsu edwas: 159gramahms (1.10
kg)cflithium,115moles(9.03kg)ofisopropylchlori,de,~ moles(9.13
kg)ofdiisc.propylketone,and55litersofisooctsne.Thequantityof
isopropylchloridewasrelativelyargerthenthatusedbythecriginel
Investigatorsinorderthata minimumsmmuntoflithimnbeleftunreacted. 1
endthatanylossoccurringthroughthereflux condeneerbereplenished.
“Thediisopropylketonewasconsknt-boilinqmaterialobtained,byredis-
tillationfthecormnerctblproductinStillU.
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Thekettlewasflushedwithnitrogenandchargedwith31litersof
isooctane.Abouthelfthelithiumwasaddedandthereactionstarted%y
theadditionof1 literofIsopropylchloridein1 literofieooc%ne,
andbywarmingthejacketo35°C. Theremainderof,thelithimnwas
addedfnth~eeadditionalchargesduringthenext2*days.DtUiinRthe
first3 days,a mixtureoftheremainderoftheiso~dopylchlorideinan
equalvolumeofisooctanewasaddedinfourcharges.
A solutionofdiisopropylketonein11.4litersofisooctanewas
addedduring8hours,whilethereactiontemperaturewashel~atk5°to
600C. Afteradditionwascomplete,themixturewaswarredandstirred,
for5 hours,afterwhichitwhscooled.Decompositionofthereaction
mixturewaseffected%ytheadditionof25poundsofcrackedice,foll-
owedbya solutionof11poundsofamnoniumchloridein5 gallonsof
water.Theaqueousle,yerwasremoved,andtheorganiclayerwas$edfive
times,eachtimewith3 to5 gallonsof’water,titerwhichitwaswith-
drawnanddriedovernightwithpotaseiuac rbonate.
Fractionationoftheproductincolumn6 gave:recoveredisooctane,
diisopropylketone,boflingpoint121°to126°C,2375~~~j intermefltate
fractions,240grams;endtriisopropylcarbinol,boilingpoint104°to
110°C at50to55millimetersof~:~c~, 2576grins.~1i8~epreaentna
yieldof20.4percent%asedonthediieopropylketoneadded.A pFrtof
thetriisopropylcerlinolwasredistilled,anda puresamplecol:.,,ckedI’roln
themiddlofthisdistillationf rthemeasurementofphysicalcmutants.
Thecarhinol”wasdehydratedbydistillationfromanhydrouscopper
sulfate.From16molesoftriisopropylcarbinol,14.4moles(9Opercent)
ofcrude2,4-dhnethyl-3-ieopropyl-2-pentene,wasobtained,Waterrecovery
amountedto~ percent.Thecrudeolefinwasdriedovercalciumchloride
anddistilledinCQlumI6,fromwhich1372gramsofmaterial-whichboiled
1~3.2°to153.6oc at756to759miilimetereofmercury,nD5”=1.4360
to1..4371(allvaluesuncorrected),wascoll~cted.A samplewasremoved
fromthemiddleofthedistillationf ~themeasurementofphy~lcal.con-
stantso
Theolefinwashydrogenated,anddistilledInColumn6,andgave
1100grams(8Opercent)ofconstant-hoilinCmaterial,boilingpoint
156.5*C at749mllltmetersofmercury,nD20=1.4234to1.4236(allval-
uesuucorre’cted).Thismaterialcontaineda traceofole~inwhichwas
removed%yrepeatedfiltrationthroughsilicagel,Refractionaticmunder
reducedpressurenffordedthemesnsofo%talntnga puressmplefor
physical-constemtsmeasurements. .
.,,
..
,, .,
.’
,.. . .
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.: *Pent~thylpentan&
2,2,3,3, 4-Pentsmethylpentane.-Thefir8tpreparationof2,2,3,3,4-
pentxamethylpentsnewascarriedoutinFeb_ ,1942bythereaction
between2-chloro-2,3,3-trim&hylbutaneandisopropymesiumchloride.
To30.5molesofisopropylka@n&~mchloridein10.53litersof
ethersolution,therewasadded,atro,om:temperature,26.4molesof2-
chloro-2,3,3-trimethylbut~e(s bliirtationpo nt132.Pto134°C)in3.5
litersofether.Afterstandingfor3weeksat15°to.20°C,the.reac-
tionmixturewasworked’”upintheusualmanner,,Theprcd@, distilled
inco1um~6;gave:
.1.
... . .
14,8mclesof2,3,3-trlmethyl-l-b@ene,for&dbydehydro-
.chlorinationf2-chloro-2,3;3-trimethyl?)utsne
. .
O*1moleof2-propanol,fo~edbyox~dationoftheGri@ard
reagent,foundinanazeotropewith2,3,3-trimethyl-l-
butene - .“
2.2 nmles ofrecovered2-chloro-2,3,3-tMmethylbutane .,
S.lmclesof2,3,3-ttimtiyl-2-hutml,pre&nablybyhydrol-,
.ysisofthechloride ,.
.. ,.
1.05molesofcrude2,2,3,3,4-pentamethylpentene
Thtsrepresentsa yieldof4.0percent.Anotherun,inwhich19.\3moles
ofthe’chloridewasusedandwhichwas’keptat.5°C for.3.weeks,thenat
roomtemperaturefor2 weeks,yielded0“.6~le ofadditional.crude(3.1- 1
percent’yield). ., ,, ,.
Thecombinedyieldofcrudematertal(300.ml.)wasfractionatedin
Colmn8. Frcmthisdistillation.there.wasobtained226mlofmaterial
whichboiled163,70to164°c (tieoirqcted).,~is proauctwasrodis- ,
tilledinthese&”coluxm,endthere’was@llected186mlofconstant-
boiling,constant-refractive-fndexmkterisl.Thephysic4constentsof
thisproductafterfiltrationthroughsilicagelwere:freezingpoint
“-37l5°c,n 20= 1.4361,da = O.78Q3,boiling.point 165.54° to I@i56° c
?at750”.5M liuktbtisofme’rc&y, ,- .’
,., .,.,
.. ‘>
Later,twoother’~thodbfor”thepreparationf&is decanewere
lnveBttgated.Bothofthesemethodsfnvolvedthenethylationof2,2,3,4-
. tetramethyl-3-chloropentane.Thischloridewaspreparedingoodyield
fromthecorrespondingalcoholbyreactionwithconcentratedhydrochloric
sold.The”chloridedecomposedastlywhena boiling-pointde ermination
.
wasattemptedatatmosphericpressure.Itwouldnotcrystallizeatdry-
icetemperatureandhadanindexofrefraotlonnD20 of1.4389.The
.,. .
:: .,,. ?;. ,
30 NACATN~Os 1247
,. .,-., .,
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carbinolwaspreparedbythereactionbetween,~,~~gn~s,iumbromide
ad 2,2,h-trimet~l-3-,pen@one.“ .,.,“, ........;“-,:’,.~.,;,,;,.-:,,:.;
... .... ..r,. .,1. “ ..
.!. . .,
Inqneexperiment (Novdmber1943)b’k’th6me%hykti’oh of‘&is’”c~’o-:“
ride,1.7molesofthechloridein320mlofbenzenewas,added.,to$?.5
molesofdimethylzincjusfngtthepreviouslydescribed“ted~que..”.Dfs.-
tillationa alysisof,theproductof‘rbactioneho~@’t++presence0$0..4
mole(23.5percent):’.of2- sopropyl=3y~-d3meth@-l-but~nednfl.0 81tile.
(47.5percent),of‘2;3;3;4~tetrsmethyl-1-p&&ene,“both”fo’lnned”by.ehjdro:
chlorinat~opoftlw?a,lkyltchlorfde.‘Intidi+i’ini,‘thei+wasfoun$i’.0.38
mole(assumingCIOH22)of’materialwhichboiled150°to160°:C,andi%’m
whfchnopurematerialcouldbeisol@ed~,,. , :~, ,.
.,:,,. J. ,,..;.,:,.,.,..,.’ .,.
Inanotherex&rln&nt(MaY’19~)j’10.~:~l~s’”6f:2j2,~i&~tetr~t~l-
3-chZoropmtsnewastreatedwith11.0,molepofmethylmagnesium..br@de
inethersolution.Theretitfofiwaiallowedto’takq,p~ace.qwei,aperiod
of3weeksat.l~,”to22°C. Theproductsofthereadtion,.asdetermined
bydistillationanalysis,consistedof3.omoles(28percent)“of2-iso-
propyl-3,3-dimethyl-l-butene,and5.7I@ps .(53percent).of2,3,3,,4-
tetr@t@l-l-pent@e’;&ofidby,de~d&tihIorina*~’mof thtial~lchlo-
ride.Inadditton,therewasfoundO:?mo~e,(4. pe~ent),of.cr~e
z2,2,3,3,4-pentet~lpentsae(15@tio167°Cy.~ 0..= 1.?k354’ti”I,:4369).;..’.,
ItisInterestingtonotethatinbothofthesq.dtrlala,we .d@ydro-
chlorlnationofthealkyl’”chlbtiidej”l’ed’%oapproxim&&lythe8* relative
proportionsof’thetwononenes;namely,one,,,pa.r$of,?7JSOPX’OPY1-3$3-.
d@thyl-l-but,ae,,@::tw.p~t8 &:2,3y~,+-t6tr-t~l~l-w’q~enp..,~i’e”.
propor$lo~.isnottheBeiue&Ieoc~in%.whenthe’c&rb~nol’.itself‘Is,d ehf:..
d?%+e~.Inthatcashthe:Prbp’drtionstie:thr&eparts’of2-$sopropyl-~,3
dlmethyl-1-buteneendonepartof2,3,3,4-tetrsmethyl-l-pehtene.‘(Se
reference15.) .,
.....”’ ...:...
.. ...,.’.1 ,,. t,’. ....:.J. ,.,,, ..:, !.
. Pents.methy@entanes.fr&’2;42,3h;k-fi~~***~i-3-&~*&ol~-.~..~’~,.
aiattempto.pre,p~e,,Pi2 3;4J4~~nt~t~lp&t~~).ithA,~beeti$o~d “,:
that.2,,2,~.,k,,~-pen,t~t~l-3-@mt*lwlll dehy~te.~qr,~he:.influence.”
ofi.odine.to::,qm$xt~ of.two.dedene-s;which,”‘@ h@&gen&ttofixyields
botho?.the.:~ntmtwltieti-es::}-~:;,,”J’’::’,,;:’,; .,.::,-:,’,’: ... .
,,. .. ,.,.
...’-’..! ,;,~,.
k 193il&~re endLa&in (nferenti’17)’&@o~~~”t~e’~sfiydra-”‘“
tfonof2,2,3,4,4-pentemethyl-3-pentanolbymeanaof,~-~aphthplenesul-
fonic,acidto@ve\.2~tYtutyl-~~~~dimet~I-l-buteh&,"wi,tho,ut:,app,rec~~le
rearrangement.Wey.dso.Yepbrteda“mallfl,,nnobn~’oflow-boil~ng,’.~$den-,
tified.material. :,,.,;:.,: :. ,,,! . .: :,.”.”.‘,/{: ;-i,’:”,”, “’.’”,..;,,.. ..,,,,.;.. ,..:.,. . ‘,”:, .1.,.. ,,
: Sincethfsr,eagt@n~ffereda.meah&of’p&6p&fi$”2,2ijx~~4~~eh$a~’.:
methylpentane~a tr$sl)~-l%s.mblib..’Wti’ t~e”.ctib$n@wasd@#rht@
with”p,:~phthalqne@tifonfcacid~at”.’a~epheriepre ktiby“theproducts .
ofthe’reactionconsistedofisobutybne,2 3-dimethyl-l-butene,
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2,3-dimethyl-2-butene,andonlya small~u@.of’higher-lmillngmaterial.
No3~3-dimethyl-l-buteneWQSfoundinthereaotioqproducts.Dehydration
ofthecarbinolwithiodinewasfoundto”yield..amix%ureofdecenes,com-
posedof2-t-butyl-3,3-dimet@l-l-butene@ 2,3,3,~,k-pentamethyl-l-
pentene.
.
.“.
Jl)Preparationf2,2,4-trimethyl-3-pent&noneand
2,2,4,4-tetrame+&yl-3-pentsmne
Preptiationf2,2,4-trhthyl-3-pentanonevasmadebytheEeller-
Bauersynthesis(reference24)intoluenesolventbytheactionofsodium
amideandthenmethylsulfateon2,4-dimethyl-3-pentenone.Sodiumamide
wasmadeingo-to9&percentyieldby’themethodescribedinreference
a. Thecrude2,2,4-trfmethyl-3-peatenonewasmethylateda secondtime
bythesanemethodtogive2,2,4,.$-tetramethyl-3-pentsnone..“Themanipu-
lativedetailsofthesereaotions&e describedbyl,%itmoreandLaughlin
inreference17. me over-~ yieldwas58percqntofthattheoretic~y
possiblecalcul.ate~withoutincludinrecovered2,4-d@ethyl-3’penttione
fand2,2,~-trimethyl-~-$entanofi6,whitwererecycledinthesynthesis.A
.
chemgeofthisketonewasfractionatedinColunm1,fortheisolationf
a puresampleforphysical-constantsmeasurements,Intilesanecolumn,
a sampleofthe2,2,4,4-tetramethyl-3-pentenonewasalso.distilledfoi-
.,, themssme.purpose. ,.
..
12) Preparationf2,2,3,4 4-pentame%hyl-3-pentanol
Absolutionf10molesofmethylmagne,slumbrcmidewasreaotedwith’ 1
8.75molesof2,2,4,4-tetrsmethyl-3-pentancriea dtheproductworkedup
intheusualmsnner.FractionationoftheproductinColuam4 ata pres- ‘
sureof57mtil~metersofmercurygavea forerunof307””tiofmaterial
whichboiledbelow105°C. Atthispointthecarbinolbegantosoltdify
inthecondenserandthepaleyelloymaterialremaining‘inthepotwas
fouQdtobe quitepm-ecarblnol(me,ltfngpcl::tabove37°C). A portion
wa~recrystallizedfrometherforuse@ thedeterminationofphystcal.
properties;Theyieldmountedto75percehtofthe.theoreticalquantity.
.
&- (31Dehydrationf2,2,3,4’,U-pGntmnetl@-~-pentsnol
with13-naphthalenesulfonfcacid . . .
.,
., ,“
Dehydrationf897grams(5.7rnolee)of’2,2,3,4i&pentsn&kyl-3-
yentanolwith8 gramsof~-naplrthelenesulfonicaoidundera fractionat-
ingcolumnresultedinthedistillationofa waterlayer,ano~ganic
.
layer(855ml),andabout50mlofmaterialcollectedIna dry-icetrap.
Theorganiciayer,whichsmelledstronglyofsulfurdioxideandhydrogen
. sulfide,waswashed,dried,anddisttlledfromsodium,emdgatethefol-
lowingfractions:
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BolZingrsnge
Fracticn (Head~g~erature) TdZume
~~~ 1
Refractive,index,“nDRo
“,“(ml)
. .
1 54 e-----
54to57 6; 3..3908 .
~ 51to71 26 1.4033 I
71”to73 “1,4084
73to.75 3:; “ 1.4100
z 75to150 1.4223
7 150tO 153.2 ;? .1A375
8 153.2to156s5
~ ,1
1.4400,’ ,“
9 156.5*O 157 :? “ . 1.4411
Residue 157 22 ------
.,
aDistillationnterrupted. .
A considerablequantity”nfgaswasevolveduringthedistillation.
Thisgasboiledatabout-4°C,wasreadilyabsorbedinsuldlmica id,
and absorbedbromine.Regenerationfrom‘svlfurlc-acitisolution@yneu-
trslization’remiltedn -lutylalcohol.Tht6’identifiesthq~i~.gasiso-
butylene.Theotherprincipalprodu~tsoftherqactionwere,f~~ciion
2(2,3-dimethyl-l-butene),f~action5 (2,3-dimethyl-2-bute]le),&i,5,frac-
tions7 end8,whichpro~ahl~qontaineda mixtuzzeof2,3,3,k,4-pente’-
Methyl-1-penteneand2-t-butyl-3,3-djzneth@-l-b~te~le.Sinc th prcducts
ofthisdistillationdidnotyieldthedesired~co~po’thdBinanyappreci-
ablequantitymoreelaborateanalysis’wtienotunkrtaken.
,..
,.,,.(4)Deh@r@16h,of2i2,3,h,h-pentsmeth~l-3‘-pentanol‘~.
withIcd,ine ,,
;. .,
A ch~geof2 2,3,4,h~pentekkt111-3~fier,imol.(640grems,h.1mo~es)
Wasrefluxedwi.thLgams ofiotihe~dth~pioductd~di~.ledthrou@ia
shortfractionating,colum yieldi’ng70mlof’water.and7C!0mloforganic
material.Theorganiclayerwaswashed.jdriad,andfractionatedroughly.
Thedistillatesfromthreerunswerecombined,yielding1950ml.ofniate-
rialwhich,onfurtherfractionation}gavel&10mlbotling140°to155°C.
Theresiduewassemisolidandhad# odorsimilartothatofa carbinol.
The140°to155°C!fractionwa~redis$C1.ledintothefollowingfractions:
.’s
. .
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Fraction
Boilingranga
(EeadteTture} V-ctlmie(ml.) ~efr=tf~e.index,nD20(mcorrectdd)
1
2
56
‘78
100tOM8.2
148.2to14900
149.otoJ.4gs6
149.6tO151.0
1~1.oto152*O
152,0to153.0
1’53.0to155.0
155.0to157.0
55
43
283
k60
190
55
50
26
A constmt-’boil-lngportionoffraction3 wasreee~edfordete~i-
nationofphysicalconstantsaud0zonoiy8iS.At157°C,solid.materfal
startedtoforminthecondenser;sothedistillationwass@ppad.The
cooledresidueintheflaskwassolid,meltingat34.5°to:37.5°Cy-lnrh
a mixtureofthisCO~Q’~d~~ theoriginalcarbinolwasllqUid&troom
temperate.Thematerialwassolubleinether,insoluble,inwater,
slightlysolublein@-percentphosphorj.cacidandwas.unaffectedby
. sodium.
..
Analysisshowedthepresenceof63.1percent.oarlxmand13.8per-”
. centhydrog~n.I%causeofthevolatilityofthecompound,theseresmts
.lkaybelow.By extendingtheCHcontentototalCOpercent,thesnal.-
ysiswascalculatedto85.8percentcarbonand14.2percenthydrogm,
whichagreeswitiathean&lxsiE!ofanalkene.Themo+ecularweightwas
foundcryoscopical.lytobe142.4(theoryfor C#=o = 140.1).
.. .. ..
,,, Atthispo’intthedistffiationofthesolidoleflnwascontfnued
after-provisiorhadbeenmadeto.preventsoiidlficaticx’ofmateriel@
G.the.condenaer.Thisdistiilattcmgavethef~,;iowingfractiona:~ L“,
,..- .,, .,
..,. .,
,,
,.:”- ,. ., ,., .
Boflingrsnge
Fraction @@ ;g:’erat~e)~.~;p;l
.. 9. 157.0to157,.2.‘,:30.1
10, 157.2to158.0 .18,6 “
u 158.0to158.2 18.4
12 158.2toL58.2 27.7
. 13 158.2to158.9 28.1
14 158.9to159.0 28.3
15 159*Oto159.O 28.2
. Residue 3901 j
Ozonolysiswasyerformdonfraction15.
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~ OzonolysisofAlkenes
—-
Ozonizaticmof0.21moleofalkenein300‘hil.sopentaneat-5°to
-10°C wasaccomplishedin12hovrs.Oxygencontaining7.5percentoznx.e
waeusedattherateof7’500ml.perhouriThesolventwasnotremove~
prior,todecomposithn.because tiie ozonldeproved-tobea solid,.llecan-
positionwaseffectedbymsansefthetechniqued velopedbyWhitmorean~
Churchinrefsrence26, Thereactionwasofmediumviolenceandgave
riseto36.5mlofoiland150mlofwateylayer.Analyaiaof,thewater
layershowed.thepresenceof0.18moleofformaldehydean~nootherlow-
molecular-weightaldehydeorketone.Theoilwasdf~tilledtoyield
24.3mlof2,2,k,4-tatr~thjl-3:~entmme(b.p.150°t~1550C)jwh~ch,
whentreatedwithmathylmagnesium’brcmide,gave2$2,3,4,4-pentamethy2-.3-
pentanol,theidentityofwhichwasprovedbya mixedmeltingpointwith
a ?mownsample.
(b)E2@3er-boillngalken’e(2,3,3,4,k-Tentamethyl-l-
pentene)
Tnthesamemannerasdescribed,0 11moleofthehigher-boiling
.
alkenewasozonizedin~00ml.ofisopentaet-10°to-20°C toyield
0.071moleot.fomaIdeh@eand9 gramsofanoil.(b.p.1~2°C; .
nD24= 1.4149).Thisoi,lgavea positiveio~oformtest,and-wasoxldizefl‘
by50-percentitricacidto2,2,s,3-te%ra~t~lb~~tmolcaci~.(Seeref-
erences27and28,) Afterseveralcrystallizationfromalcohol,this
acidmaltedati19@to197°C,thessmevaluerbpdrtedinreference29.
Theneutralequivalentwasfound.tobe147.3.Theamidewaspreparedand
fo~dtomeltat201.50tO2c2.2°C,whichagreeswiththe&61tingpoint
(231°t02020’C)fouad’inreference2~.Theketonegavea 2jh-fl~nitro-
phsnylhyQrazonewhichmeltedat182°to18~0C. Thekgtonewastherefore
consideredto%e3,3,k,4-tetrameWyl-2-pen%auone.(~dySiS: ~~fo~dj
17,20,17.28percent;c~clfiatedfor C~@.@aO~j17.27percent.]
Thecrudelower-boilin~alkenefromthedehydrationof2,2,3)4~4-
pentauethyl-3-pen@ol(fractians2 to8)washydragenateilandfiltered
throughsil$cagel..Difl$illtiti.oninColumn5’@ave:
i
. .
,,
,,
,
.,
,,
.,
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Boiiingrenge .,: I
.,Fractton-(Headtemperature)“.~:~y” Rek~tlveIndex;~~n~~ ~
(Oc) ..:
lto2 153.4tO158.4 160 1.4296to1;4304
3%08 1s8.4 ~ . 300 . 1.4306to”:l.4307
9 to14 158.4to159.8 303, 1.4307to1.4313
15to16 . 159.2to161.7 , 97 1.4320to-1.b341;‘
Residue .............. 47 1.43601 ‘.,
Ananslysisofthedistillationciuveshowedthepre~ence:of735ml’of:
2,2,3,4,4-pentam@hylpentanea d112mlof?,2,3,3y4-Pent~thYIPen~~~.
H@rogenatlonf’thehtgher-boiling’alkenewasoarriedOutiin-s~
solvent(2,2i4-trimethylpentane).;Distillationgave,Intidttionb the
solvent,a small.fore&vn.@l 247~ of-fractionscollectedat163°-tQ:‘;
164°c(~20= l,4358to1.4361).Thebest~samplesofboth,dec~eswere:
reserved.formeasurementofphysicalconstants.“’. ,.:.,. ,,
. Theyieldoffiktiedtsola%edinthe::ptiestate(celc~ated”on.”:
. 2,2,4,4-tetrmethyl-3’pentanone)iunt dto25.8percent:o~,2~?13,J+,4-
pentwethylpentaned.11.kperce@of2j2,3,3,4@p4fit~tw~perit~e~.
Theseyieldscould”rio%heusedtof’ormadefinite-”opinicmofthereac-’
. tion,norcanmuchwelght%e.placed.ontherafi’aof:productsfo~d,
sincea lossexperiencedinthedistillationandhandlhgofthehigher
boilingdeceneisnot”accountetifor: ‘-‘-‘“:’:’-” ‘ “..,’”.:
. ,,..... ,, : $:.. ..,, ....
.
.,,.
Pentamethylpenten6sfrorn’’2~2;3,k,@pentemetQ?~-3-P ntanol.-“l1.-
Thesecondrunofthis,seriesoftietitfonswa made’%0increase:ths’~
stockofliydrocarbons”andh obtainmore’inforrdlon:on”theratie‘of“ “>, .,,-...:,prbductsfozmgdbydeliydration”ofthec%rbinol.~”.,;”’’-:,. ..:, ;!.
., ., ,. ,,:,..,
,’ ,,:.....
,...
,,j~)~prePwatiion~of’2,2”4=trimthYT-3-pentti0n8”‘ . . :
.,.,.. .? :.,.,,..... .-,. ,, .... .,..;.“..
. . . ..”. s .,, .,,,. .,.
‘Forthis”second-s~tiost~j.rm”edtilerm&thodwaSd~tiised~ormaking
2,2,4-trfmethyl-+pentknone.Thi~’’uthodWs””ti’dapWtfonfthatde-’
eeribed:byNef.inreference’30whobb%ained’tlifs:lie~ofie’by%he+~~austive
methylationfacetone,methylisopropylketone,Metml ke+bie;“or “
pinacolonowithmethyliodidenflpotassiumhydroxideina sealedtube
at140°C. .The.@ethodused.ti:ths,~ep,ent.,ti.o~~su~stttuted.thelessex-
pensivemethylbromideformethyliodideinthemethylationfco~rci$%l
2j4-d@th$l-~-penbnorle.’” ~ ‘{fi.:~..~:’- ‘“”’“:‘ ““’:‘:””.”
.,.., ,..‘.,......,.:. ......,..,.,....,~..... ......... .
..‘ ,, . ...... .. ..
,Seviiral.dubsofvmioW~Mzeswe%et@ddm&’t H8&eStitsare”S~- “’
marizedin-thefdllowttigable:‘“““i ‘~“.’~~t ““’-~:; “’”’.“-“
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MIWHYLATIONOF2,b-DIMETHYL-3”~PENTANO~
,.
,. Yield of 2,2,4.
lethylattng“2,4-Dimetbyl-Potassiti trfmethyl-3-
agent 3-pentanonehydroxideT mperatti&Duraticmpentanonel
(moles) “ (moles) (moles) (Oc) (h) (percent)
—
.
CH~I(105) 1.2 3l5 140,t0160 7.0 55
CH~)4504(1.5), “s1.2 “ yey ~4a’to160 7.2 0
. .
CE#r (4) ‘“ ‘4, 12 ‘ 160*O170 6.0 35
C~Br (4) k ‘12 140to150 9.1 15
CE3Br(k) 4 12 390to2m” “11.7 35,
CHaBr(4)‘ 4; 6(CaO)190to200 8.0 0
CH~r (47.7) . 39.6 120 “200to215 .8,0i 57
CH3Br(47.7] 3906 120 l~,to200’“ 10,0 54
CH~Br(47.?) 39.6 120 . 200tO230 8.0 47 “
‘—
%asedon2,4-dhet~l-3-yentanoneconsumed. .
Thesereactionswerecarriedoutinhydrogenat~pnbombs. Thebomb
waschilledbysolidcarbondioxideandchargedwiththe,reactants,then
sealedandhe~tedtothetemperatureindicated.“Sincetherdaction.is
exothemnfc,it.was”’foundd~fficul.tto,holda predeterminedarrow’temper-
aturerange.(Theoperationcould“probab~~bem@e:moreefficientby
pwqpin~themethyl.’bromideintothereactionvesselasitisconsumedby
ther6actitiinorder..to,obtainmorestablereactionconditions.)When
thereaction*S completethebdmbwascoolti”endthe.contentm,washed
..wellwith~terj.dried,endfractionated.Tn’ofieexperimentan’attempt
was madetodistilltheresidue(247gramB).Itwasfoundtocontain
lachrynatary:.materials.,butlittle,ifany;2,2,4’,4-t6tramethyl-3-
pentaaone,NoneofthiscompoundwasfoundbjNofinany.ofhismethyla-
tionproducts. ,,
> \2) Preparation’of2,2,4,4-tetrametyhyl-3-penta%rie
Whilethopreparationof2,2j4-trimethyl-3-pentenone‘wasinprogress,
a nowendsimplermethodforswthesizing2,2,4j4-tetr=t~l-3-Pent~one
wasdescribedbyBartlettandSchneider!(Seereference23.) Thisnew
procedureeliminatedntirelythenecessityofusin~sodiumemideinthe
s
.
.
.
,
**
.
v
.
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synthesis.TheBartlettandSchneiderreactioninvolvodinteractionbe-
tweent=butylghlo~ide,methyltr~tl@acotate$andsodiumsandtogive
,amixtureof2,2,4,4-tetramethyl:3-yentmncmq”a d:2,2,4j4’-tetramethyl-3
pentariol.as,majorproiiucts.. ,, .:,. ,, ,... r>.- :, “. .,,. “..
Severalemall~scalertis(1.6 toz?;(3molds)ofthisreactionwere.,.
made.Therewasnoappreciabledifference~ntheyieldsofditertiary-
lnztyl.compoundsfromreactions’inwhich:technicalisoocttie(2,2,k-
trimethyl~entene)wasusedasa solventandthoseinwhichisopehtane
wasused.Sincetheformersolventisconsideredsafer,itwasusedin
themajorityofthetrialtis andintheIarg@-Scalerun.Slightly
larger(2to5 percent)’yieldswerecbtafned-whensodiumsand’wasused
ratherthensodiumwird.Innoneofthesmill-scalerunsdidtheyield
of.oombinedditertiary-butylcornpo~ds”dficebd53percent~(Bartlett
andSchneiderreportytelde.upto71p@cent,)“Afterthetechniquefor
handlingthisreactionhadbeensuffiofentlydeveloped,a largerunwas
mafleinthestainless-steelkettle~
(a)Methyltrimethylacetate
,,
Tok solut~onof53kilograms(177moles)ofsodimhdfchromatedi-
hydrate(technical)in98 litersofwaterintheglas~-llnedreactorwas
added39.9litersofconcentratedsulfuricacid.The’soltitfonwasheated
to82°C and6.6kilograms(59moles)of’2,&,k-trimethyl-2-pentene(97
percentpnre)wasaddedovera periodof5 hours.Therateofaddition
wasre@atedsothatth~temperatureof.tho’mixturedtd-not“e%ceetl88°C.
~henabout3 lttersofmethylalcoholwasaddedtousetheiexcesedichro-
ute,andthemixturewassubjectedtosteamdistillation.There’were.-
obtainpd5.76kilogrsmsoforganiclayer”andabout30l-fterbofaqu”~us””
layer.Theaqueouslayerytelded,ondistillation;a additiional0.82
ktlogrsmoforganicmaterial..ThecrudeproductwasdistilledtnCol--
unns4 and5,andyielded3.93kilo@amso?trfmethylaceticactd”(b-p.
160°to165°C]65.0 percentyie~d).17iemetlqvle=teroftrimethylacetic
soldwaspreparedfntheususlmannerby”refluxlnga solutiohofthe’“’
acidinflmethylalcohol.Sulfuricaci~wasused:asthecatalyst.... “
. .
SodiumSS..Il&,
tmder.toluene(22
:. ,
(b)2,~,$,4-Tetrao~l-3-@entiaone“ ‘ ,+~ .
from6.!3kflogmme(300moles)ofsodiun”was.prepared
llters)intheusualmsnner.Themixturewascooled
to3.5°C end16litersO*technicalisooctsne(2,2,4-trhWlylpentane)
and16kilogrsms(173moles)oft-butylcMoridew re~dded.Afterthe
reaoticmwasinitiatedbythe-additionof’a smallquantityofester,the
remainder(total7.98kg,69.5w@e&)*S addeduring-hhours,wMlo
~$he@nperaturewasmalntaintidtX* to’kOOC. ~tirringwascontlntied
,,for5 hours,thenthffmixture~s allowed“h standoveinight.Theprod-
uctwaswor~eaUQIn.themenherdesc~ibdbyllartlsttendSchneiderin
reference23. Distillation”gave2.57kilc@am6(18.lmo~es)of~2~2,bjk-
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tetramethyl-3-pentanone(b.p.151.50 to156.00c),666~emqofinter-
mediate,:mi 2.72‘ktlogrsms(18.9moles)of2,2,4,k-tetrtiethyl*3-pentenol -
(b,.p.1670to173°c)..Includingthe?.ntenmdlatefhiBrepresentsa
yieldofapproximately61percent,basedonmethyltrimethykcotate*
Thecar’binolfractionmd theInter.aediatecontainingcarbinolwere
combinedandoxidizedintwobatches.Xneachbatch1.36kilograms’
(9.45moles)’ofcarbinoland333gramsofIntermediateweresuspendedin
a solutionof1275gremsofsodimndichromate’dihydrafien1170mlof
water.-Whilethereactiontiixturewasheldat45°to”60°C,a solution
of2300mlconcentratedsulfuricac}din2170mlo’ftiterwasadddd~-
Ing2 days,afterwhichthereactionmixturewasstirredandheatedto
500C’for1 day,Theorganicmaterialwasthensteamdistilled,ried,
andf’raotionateil,ThereWs obtained1.35kilograms(9.72moles)of
ketone(b.p.151°to 154°C; 78percentyield).
Inthesamemenner,allthe2,2,4,h-tetramethyl-3-pentanolobtai ed
h theseveralpreliminaryrunswasoxidfzedtoketone,andallthe
ketonefromtheseveralsources,wascombined.Thisinclufleda small
amountpreparedbytheHaller~Bauerreactton.(Seereference24.)
(c)Preparationanddehydrationof2,2,3,4,4-
pentamethyl-3-pentanol *
The,pentsmethylpentanolwaspreparedinthemanneraltieadyescribed,
mom 6*96kilograms(49.cmoles)of2,24j4-tetremethyl-3-pentdnonethere
.
wasobtained4.84kilograms(30,6moles~
“ (62.6percentyield).
of2~2,3,4,4-pentemethyl-3-pentanol
Dehydraticmofthecarbinolwascausedbyrsfl~ing
withiodine.’~ a trimrun,332w+ (1.98ti1es]ofcarbinolwas
boiledwith3.3grsmscf”iodine.During2 hours,93percentofthetheo-
reticalquantityCNwahr’”waseliminatedndcollected.The,organiclayer
waswashedw~thmtinm.thios~dfatesolutionendwithwater,dried,and
distilledinColunl17. ~~ec~mrgewas246“~ams.Thedeccpfracticns
(b.p.145°-to158.9°C)weighed216.6gram (1.54moles;78percent).
Analysisofthedistillation’curveshcwedthatthesefractionsconsisted
ofequalpintsofthetwoisomrs,3,3,-dlmet~l-2-t-butyl-l-huteneend
2,3,3,4,4-pentaethyl-l-pentene.Treatmentofthemainportioncfthe
carbinolforthepreparationofthepentemethylpemtsnesfollowedthepro-
cedurealreadydescribed. “ :
,, .,
.’
2,2,5,5-Tetremethylhe%aneand2,2,b,5-Tetn%unethylhexane
. ,!
Thesynt~esisof2,2,5~5-md 2;2,~X5-tetramethylhexeneswasaccora-‘~ -
pltshecl%ythefallowingreactions:(a)‘oxidationof2,4,4-trimethyl,-l-,,
penteneto4,&-dimethyl-2-pentanon6‘(methylqeopentylketone),(b)6Aida~
tlonofthisketonetot-lnrtyhc’e’ticacid,(c)conversjiofi” ,the‘acfdto .
methyl.t-butylaceta%e~:(d)“.heactionoftheesterwith”t-.bu~ytignes!um,.,
,.
..;
f ,., !.,.., ,
.:
m
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ohloridetogive2,2,5,5-tetramethyl-3-hoxanol~(e)de ~ati.onof’tie
carbfnoltoamixtureof2,2,5,5-tetrme?~l:3-hexone~2~3~5~5-tetra-
methyl-2-hexene,and2,3,5,5-tetrametlq@-l.-hexene~~fi~(f)hYdro=~tfon
ofthe?irst-nemedalkeneto2,2,5j5-tetremethy~hex~e~d offielast
MO alkenesto2,2,4,5-tetramethylh6xexleP
Oxldatlonof2,4,4.-trimethyl-l-pentene.-The”oxidationf2,4,4-
trimethyl-1-pentenewascarriedoutessentiallyinthemannerdisclosed
byllhitmore,Eomeyer,emlTrent-ti”ief6renoe15. Severalrunsweretie
usingolefinof~-percentorhigherpwcity.(Theisolationfthis
oleffnisdescribedlater.)Ina typicalrun,101molesofallsenewas
oxidizedduring10dayswithsodiumdichronhtqbytheslowadditionof
snlfuricacid.There,wereobtained180Qgramsofacidicmaterialend
9360XLofneutralotlwhichupondistillationinColumn3;gnve2154
“mlofforerun,4150grams(3~.4nnles)4,4-dimethyl-2-pentencme(bopk
1$23°to1.26°C),= 2000@ a$residue.“Thisyfeldofketoneisequiv-
~ent to36percentofthetheoreticalamount.The‘aoidfcmaterialwas
foundtobea complexmixturecontain$rigonlyminorquantitiesoftri-
methyl~et~csndt-lmtylacettcacid,.andwasnotfurtherinvestigated.
Oxidationftmethylneove-ntylketone--Thehypohaliteoxidationf
themet,hyhieopsntylketoneto~:bntyhcetica idwasaccompl.ished”bya
modificationofthereactiondisclosedin,reference15.There,sc@ium”
hypobromlte(preparedfrombromineandsodiwnhydroxide)wasusedywhile
inthepresentwork’the.lessexpensfve,co-rci~~ avatl~blec~Oi~ ~
hY?W~orftewasused.Sever.@.small”preliminsryrunsweremadeto’‘
developfamiliarity~%h thqreacttohbeforea largemm wa~mder.taken.
Tbe& @rge runsweremad?,oneofwhichis4descrtbed. .
,.,
“-A’solukia.ofZ4.Okflogrbsoftechg~dalstilti”~ydroxidivti38
Iitors’ofwaterwasprepared,Tht8.solutionwascooledto19°C,andto
itwereadded.about90kilogramsofcrackedIceand13tiogr@ms.of.com-
&mercialcslcfwnhypoc’hlorite70#percentchlorine).Thetemperaturethereby”obtafnedwasabout-k C. Theketone(50moles)wasthe~added
during~liours.Thetemperatureofthereactionmixtureremained.below‘‘
+5°C duringthisaddition.Anadditional25kilogremmofcrackedice
wasaddetlandthemixture‘stirredfop10,houm,afterwhiohitwas ,,
heatedto”65°to70°C for5,hours.Aftercoolingthemixtureto20°C,
19.7liters-ofsulfurtctiidwasaddedslowlyandtheproductssteam
distilled.Thecrudeproduct’wasd~stilledinseveralbatchesfroma
3.-literClaisoriflask.Therewasobtained4070’grsms(3103moles;63-“
percent)of~cid’colleotedb tweenlti”andlgO°C. Nofurtherpurif~-~ ‘“
cationoftheacidwasmade* . i
Conve&sionft-butylaceticacfd.tomethylt-butylacetate.-The.
methylester oft-butylacbtics~idwasude intheorthodoxmanner.’.In
.
a tfiioal~,:a solutionof4140grams(35.7melee)~~.midand300d ‘
ofoonoentratOde~f~lc atitdin10liters{270moles].of’methanolwas
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heatedtor6fluXfortwoperiodsof7 hourseach.Thecrudeproductob-
tainedwas’distilledinColumn5 andgave356ograms(27.4moles;76.7
percent)ofester,whichwascollectedat125°$01270C.
Preparationf2,2,’5,5-tetremethyl-3-hexanol.-Thepreparationof
2,2,5,5-tetremethyl-3-hoxanolwascarrie~outb~theuseofthereaction
describedbyMoersch”(reference31)whichisenadaptationfthatused
by.Heyd(referenoe32). ““
,.
TOtheGri&nardeagentpreparedfrom326grsmatomsof,magnesium
and325molesoft-lxxtylchloride,therewaeadded68Yjgrems(52.4
moles)ofmethylt-butylacetated iing8 hours.Thereactionmixture
wasrefluxed7 hourseachdayfor3 daysandallowedtostendeach~iglit.
Decompositionwascausedbyd~l.ntesulfuric acid(17kgconcentrated
aoidand20kgwaterandice).The”product”wassteamdistilled,endthe
aqueouslayerextrmtedwithether.Theorganiclayerswerecbmbined
andtheetheremovedinColumnF1l.Theresidue’wasredistilledinCol-’
uans24tid7,yielding65o7gramsofcarbinolcollectedat166°to
170°C..This’isequimlento41.2’molesor79percentyield.Moersch
reported@ percentyield(reference31).
Dehydrationf2,2,5,’5-tetramdthyl-3-hexanol.-Threepreliminary
——
experimentsweremadeonthedehydrationofthiscarbinolandonthere-
arrangementoftheresultingolefins.Inone2W1’lj 117 grams(0”.70mole)
ofcarbinol was-passedover256grams(330ml.)of altina (B*er Wdr+O~
lot 91942)at300°to”305°C attherate’of47gramsperhour.T“ecat-
alystubewas‘2.5centimetersindismeter.Thewater ecoveredmounted
to10.8mI(0.6mole;86percent].The prductwasdrie~endfraction-
atedinColumn17. Theyieldofdecenesamountedto70percent(78per-
centonbasisofcarbinolconsumad),andcon~istedof34,5molepercent
2,2,’j,5-tetramethyl-~-hekene,35.2p rcent2,3,5,5-tetremethyl-l-hexene~
end30.2percent2,3,5,5-tetramethyl-2-hexene.
Inanotherexperiment,i18gramsofcarblnolwasdehydratedunder‘ L
thesameconditions,except-thattheratewas98gramsperhour.~
thiscase,a yieldof46percentolefin8’’(73percenton basis ofcarbinol
consmed)wasobtained,Themixtureofolefinscontained34.8percent ,
2,2,5,5-tetramethyl-3-hoxene,42.opercent”2,3,5,5-tetrsmethyl-l-hexene,
and23.2percent2,3,5,5-tetramethyl-2-hexene.
.
Todeterminetheextentofrearrem~exaent‘of he‘clefIns,a mixture
ofdecenbswaspassedoverthecatalyst“at30@oto310°C attherateof
44grsmsperhour.Analysisoftheresultantmixtureshowedthatthe
originalmixturewasisomerlzedasfollows:
.
2)2,5,5-tetmmethyl-3-hexenej
from13.5percento16.8percent;2,3j5,5-tetrami@yl-l~hexene;from
46.2pe%cento31.2percent;2,3,5j5-tetrsmethyl~2-hexene,frcm40.O ‘ .
percento52.0 percent?‘‘i .
,.,.
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Thebulkd’thecarbincitwasdehydre.te?l
firstexmriment.Theresultantlixturewas
41
Inthemannerusedinthe
driedanddtatilledinCol-
mn 5. fiecarbinolrecoveredwasrecycledfordehydration.~ this
way,4999gramsofcrudeolefinmtxturewasobtained(86.6percentyield).
ThfsmixturewasseparatedroughlyinColum5 Intoconcefitratesboiling
121°to12P C,239°to145°C,andZ52°to1580C,sndintermediate
fractions.A sample(~ d) ofeqchhydrocarbonwasredistilledinCol-
umn17forpreparationofpurecanpounds.Theimpurefractionsfromeaoh
ofthesedistillationswerereturnedtotheappropriateconcentrate.
Theseolefinshavebeenidentifiedpreviously.(Seerete~nces31anti32.-)”
Eydrogenatfon.-EqOhoftheolefinconcentrates“washydrogenated .
separately,EMwasthe”combinedintermediate.?Xelast“%wolefincon-
centratesgavethe“ismeparaffinandwerecombtnedfordistillation?
Purificationofbothparafftnswasaccomplishedin~ol~ 18. Thebest
500ml samplesfromeaoh,distillationwereredistilledinColumn17,end
physicalconst~tsweremeasuredonthebestssmplqsfromthesedistilla-
tions. . .,
,. ..
“.
.“.. ,,.
,-.’ 22213,3-Tetrmt~Uexane‘;-.,
.’,
Thishydrocarbon,whtchwassynthesizedatPennsylv~iaStateCollege,
waspuriftedin~ese Iabaratories.~en received,thesample(2gel)
containedchlorideswhichwereremovedbyboilingwithalcoholic“alkeli.
Theproductwaswashed,dried,and”fractionatedin”CoWMns19.sn&20. The
bestportionfromoneofthesedistillationswa refractio~tedinColumn ~~:
17. Physicalc~stantswere’determ@edonthebestfractionsfromthis
distillation.‘
,.,I
.,
*3,3,4,4-TetrmtMWexme.“’
,..
,
Themethorl0$prqparat16nofthfsdeckneis ~imilartothatusesin
thepreparationf2,2j3j3-tetmmethylpentsne,&nilinvolvedthereaction
betweenethylmagnesiumchlorideend2,3,3-trimethyl-2-chloropentane..“::
Intheexploratorys nthesis2,3,3-trimethyl-l~pentene(b*P_1080340 ‘ ,
to1.08.400C,nD20 4=1.4170to1.172)wasconvertedtothechloride,
2,3,3-trimethyl-2-chloropentene,byreact;onwithdry~drogenchloride
at-30°C. TheproductwasfractionatedinColmnu4. Theforeruofun- “ - .
chsngedolefinwasused”fnthepreparationf“morechloriae.Thechloride
usedinthecouplingreactionwasthatoollbctedbetween81°and82°C at
. !57millimetersofmercuryo ,,
TO theGrignardsolutionpreparedfrom10grm at- ofqest~ ‘ ,
. and10molesofethyl%rcmide,therewas.added,”tluring7 days,903m@es
(1382grsm)ofthe-chloride.-Onthetwelfth@
up. Theetherwap,removedfrom%heorganiclayer
6 hourswithalcoholfcalkali(10percent~H) to
themixtuxe-wasworked
andtheresiduerefluxed
retiveohloridesgcThe
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washed,dried,chloride-freematerialwasdistilledinColumn27. A
largerunofthepreparationofthislxydrocarbonisinnro~ess,From
thisruna considera~lypurercompound-
2,3-Dimethyl-l-Buteneand
Thepreparationandpropertiesof
isexpected..
2,3-Dimethyl-2-Butene
2,3-dimethyl-2-bntene
dimethyl-1-butenehav beenreportedpreviouslyinreference
8.nd2,3-
7. While
the2,3-dhethyl-l-butener portedwasrelativelypure,the‘2,3-dimethyl-
2-butenewasdecidedly@me. Theboilingmng’eofthebestsampleof
%helatterW8,Sa?)o~tO.kOC,evenafterepeatedfractionationwhereas
otherhydrocarbonprepsredandreportedInthesenepaperhadboiling
rangesoflessthanO.O1°C. Thewideboilingrangehasbeenattributed
tothepresenceofperoxidesinthesample.Thistendencytoformperox-
idesismuchmorepronouncedin the2,~-dlmethyl-2-buteneth inthe
oneisomer.Sincebothalkenesresultfromthesamereaction,thestudy
ofbothcompoundswasrepeated.Themethodofpreparingthealkeneswas
dehydrationof2,3-dhethyl-2-butanolbymeansofiodine.Thecarbinol
waspreparedbyactfonofmethylmagnesiumbromideonmethylisobutyrate.
Severalbatchesofmethylisohrtyrateweremade,ineachofwhich
Xmoles ofmethanoland30molesofisobutyrica idwerere??luxedfor
6 to8hourswith15mlofconcentratedsulfuricacid.Theprsductwas
recoveredbyaddingwater,extractingtheunchangedacidby sodiumcar-
bonatesolution,andsaturatingtheaqueouslayerwithselttorecover
unusedalcoholanddissolvedster.Thecombined,nonacidicorgsnic
layerwasdfstilledinColumns3,.4,5,and6. Onlyconstant-boiling
(~O.l°C)materia3.wasreservedforsubsequents eps.Theyleldamounted
to71percentofthetheoreticalbasedonoriginalisobutyrica id.
Ina typical.runofthepreparationof2,3-diruethyl-2-lmtanol42
molesofmethylisohutyratewasaddedtogomolesofmethylmagnesiumbro-
midein12hours.Af’terthereactionmixturehadbeenallowedtostsnd
for15hours,itwaswarmedforh hoursendthentreatedwithiceand
dilutehydrochloricacid.Theorganicmaterialwasdriedenddistilled
inColumn6. Afteretherandunchangedsterhadbeenremoved,thocar-
binolwasdistilledat76.40to76.6oc at152millimetersofmercury.
Theyieldwas3120grams(73percent,basedonester),
Thedehydrationof2,3-dimethyl.-2-butsnolwasaccomplishedbyheat-
ingitwith1 gremofiodtneperliterofcarbinol,Theolefinicmate-
rialtherebyobtainedwasroughlyseparatedinColumn4 andconsistedof
approxlmekelythreepartsof2,3-dtmethyl-2-buteneandonepartof2,3-
dimethyl-2-%utone.Th residuefrm”thisdistillationc sistedofvm.-
ohsngedcarbinolwhichadsteamdistilledduringthedehydrattnnstep,
Thiscerblnolwasreturnedtothedehydrationprocessasftaccumulated.
Inthisway,a practicallyquantitativeyi ldofalkeneswasobtained.
.
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Twochargesofcrude2,3-dtmethyl-2-lxrknewerefractionatedinCol-
mn 1. Themiddlecutsfromthesedfstilllations,theRracticmsofwhich
hada constent~efractivehdex (~,00005),werecabined,andamounted
to3.6litersofmaterial..The”2,3-dimethyl-l-butenewasfractionatedin
likemanner,a@ 3.5lftersofmaterialwasobtained.Thetwohydrocar-
bonswerethen,subdectedo ~still.atlontnColumn5 underconditionsde-
st~edtodestroyanyperoxidespresentandtopre,venttheirformationi
thedistillate.Thiswase.ccomplishedbya d.i~hydroquinonetothedis-
ti~ationchargeandbykeepingthecolunn,take-off,anddeliverysystems
flushedwithnitrogen.Tnthisw~v,thirty-three100-mlfraotionsofeach
hydrocarbonwereobtainel.
For~easurhgthephysicalpropertiesoftheseolefinsthesameappa-
ratusandmsthodspreviouslydescribe~wereused,hutcarewasexercl.sed
toflisplaceairintheapparatuswithnitrogen’duringthedeterminations.“
Refractiveindicesweremeasnredintheusualmanner.Peroxidenumbers
(molesofactiveoxygenin1000litersofsolution)weredeterminedly
themethodofYuleandWilson(reference33).
For2,3-dtiethyl-l-butene,fraction17wasusedfordeterminationof
refractiveIndexanddensity.Theperoxidenuniberofthisfractionwas
0.03.Measurementsof%oilingpointsofthisolefinweremadewithfrac-
tmns 16end3.9.Thedistillatefromthesedeterminationscontafnedn
unmmsurablysmallamountofpe~oxide.Thefreezingpointof2 3-
~
P
dlmethyl-2-tiutene~s madeonfraoticm17(0.07peroxidenumber.
Refractive-fndexanddensitymeasurementsweremadeonfraction21(0.03
peroxidenumber),endboiling-pointmeasurementsonfractions18, 19, end
20 (0.04 to 0.06 peroxidenumber).Themeasuredvaluesoftheproperties
aregiven h table20
Considerabledifferenceofopinionexistsregtidingthefreezing
pointof21,3-dimethyl-l-butene.SchurmanendBoord(refe~ence34)report
a ‘*melt@pointof-120°to-123°C cnmaterialhavinga boilingrange
ofo,4~c. Brooks,Howard,andCrafton(reference5)reporta freezing
poinkof-lb.l,”C!on.asampleofhighpuritywhich,however,mdoubtedly
containddsomeperoxide.”Kiatiakowsky.mxlcoworkeri( efm?ence35);
usinga eamplehavinga boilingremge”ofO.O1°C foruseindetermining
theheatofhydrogenation,’reportetlthatthematertalcongealedtod glass
atlowtemperatures.Twoattemptsyeremadeinthisworktofreezesam-
pleswhichwereperoxide-free,but.bothwereUnsuccessfti.Anattempto
freezesampleqrecoveredfromtheboiling-pointdistillates,which ad
beenexposedtoalrfor2 weeksalsofailed.Attemptsweremadetofreeze
samplescontainingsmallsmcmntsof2,2,k-trimethylpentanejthop stiples
containing0.58en~2;4molepercentofthisimpurity~alledtofreeze.
Onessmplecontaining1.43molepercent2,2,4-trimetl@pentanegavean
indefinitefreezfngpointat-145.4°C. Thisvalueseemstosubstantiate
. thepreviousvelueof-140.1°C (reference5)end.wouldindicatea very
lowheatoffusion,which
ofthefreezingpoint.
..-.
maybe-acontroll~ng’fac%orinthedetermination
.’f
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Thepresenceofperoxidescausedamarkedchangel-ntheboiling
rangesoftheseolefins.men s~p].esofpure2,3-Rimethyl-l-butene
weredistilledinthetoiling-pointapparatus,theobservedtemperature
changes(from20to&)percentdistilled)were less than 0.004° C. The
samematerial,afterexposuretoair for2monthshoweda distillation
rsmge(20to,@percent)of0,11°C. Stillmorep~tonounce~istheeffect
ofperoxideson2~3-dtmefhyl~2-butene.Ssmplescontaininga smallquan-
tityofperoxide(peroxidenraober0.04)distilledovera rsngof
0.007°C orless,butafterthismaterislhadaccumulatedperoxidesfor
10daysthedistillationra gewasfoundtobe1.03°C.
Tnordertodeterminethe.rateofperoxidefomuatfonu dernormal
laboratoryconditions,samplesof purifiedalkeneswereallowedtostand
atroomtemperatureincontactwithair-Periodically,portionswere
tithdrawn.andalyzedforperoxides.Theresults of these enalyses are
given in figures3 andh. Thegreatdlfferenceinratesofperoxidefor-
mationin thetwocompoundsmaybeseeninthecomparisongiveninfig-
ure3.
3-Methyl-2-Pen~ene(cisandtrsns) ,.
Thetwogeometricsomersof3-methyl-2-pentinewereprep~edbY
dehydrationof3-methyl-3-pentenol,whichwasformedbyaction of ethyl-
magnesium’chlorldeon2-butanone.
To53.8molesofethylmagnesiumchloridewasadded55.8molesof2-
tmtsmonein5 litersofether.Theyieldofcarbinol(b.p.75° to&)”C
at142mmIQ)was40percentofthetheoretical,Thecarbinolwasdehy-
dratedwithP-naphthalenesulfonica idtoyieldamixtureofol.efins.A
chargeof2240mlofthewashed,driedolefinmixturewasfractionatedin
Columm2,whichgave24omlofthe.lower-boiling(cis?)and960mlofthe
higher-boiling(trsns?)isomers.Physical.constentsweremeasuredonthe
bestsemplesofeachiscmer.Analysisofthedistillationcurveshowed
thattheorigtnalmixturecontained26percent(by’volume)oftholowor-
boilingand74percentofthehigher-boilingforms.
Theidentificationofthesetwoolefinsascisandtrans3-metlzyl-
2-pentene,ratherthantheiso~ers3-met~Vl-2-penteneand2-ethyl-l-
butene,isbasedprinmvilyonmassspectrometerstudies.Thetwopat-
ternsformedbyanalysisofthecorQpoundsob~afnedar~verynearlyiden-
tical.Nothirdcomponentwasisolatedfromthedistillation,although
itisprobablethatonewaspresentinsmqllquantity.
. . liwe~tigationofDiisobutylene
,.
R wasnecessarytoisolatel.~gequamtities”ofthetwodiisolmtyl-
enosj2,4,k-trhethyl-l-pentenoand2,4,4-trimethyl-2-pentene,inorder
toprovidesamplesforenginestud~esandforthesynthesesof4,4-
1
..
.
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dimethyl-2-psntanonedtrimethylaoeticaoitt%y
Purpose,a considerablequantity(k50liters) of
wasaystematlosllyfra0ti0natf3d.
45
oxidation,Forthis
thecmrctal mixture
Theoriginalnmterialwasseparatedintofive“cuts”orconcentrates
byfractionationnColumn11. Becauseofthelimltedpotcapacity,it
wasnecessarytoperformthisoperationi batches.Correspondingcuts
fromeachbatohwerecombined.Thedataonthesedistillatimsaresum-
marizedintable40
:,
CutA (forerun)comprisedanazeotropecontaining
“of2,4-4-trimethyl-l-pentenewithlmtylalcohol,along
compounds.Thiscutwasnotextensivelyinvestigated.
a smallquantity
withotherpoler
,
CutC (58 llters),theintemnediatebetweencutsB eadD,wasre-
fractionatedinColcdmn11toyielil34litersof2,k,4-trimethyl-l-pentene
whichwascombinedwithcutB,14lttersof intermediate whichwasnot
furtherinvestigated,and9 litersGfresiduewhichwasaddedtocutD.
TheaugmentedcutsB andD werethendesignatedas3-1,andD-1,respec-
tively.
CutB-l(298liters)wasfoundtobeabout96.7 percentpure2,4,4-
trtiet@l-1-pentenejitsfreezingpointwas-$J6.50C. A 170-literpor-
ttonfromthemiddleofthfscutwasrefraotionatedinthreerum sad72
litersofpurified2,k,4-trimethyl-l-pentenewasobtained,comprising
fraotionswithfreezingpointsintherange-93.59°C to-93:57°C.
Physicalconstantsweremeasuredononeofthefrac:ionsof-930550C
material.TheseconstantsagreewfththosereportedbyTong%erg,
Pickens,Fenske,andllhitiore(reference36).Thiscompoundhas%een -
identifiedbyozonolysisbyllhitmore-andChurch(reference26).
Cut D-1(g5liters),a concentrateof2,4,4-trimethyl-2-pentene,
wasrefraotionatedintworpns.Fromthesedistillations,therewasob-
tained49.3litersofhighpurity2,4,4-trimethyl-2-pentene,composedof
fractionswithfreezingpointsfrom-106.62°to-106.5~C. A p~rtion
wasrefractionatedin.Column1 forisolationfa sampleforphysical-
constantsmeasurements.Thiscor@oundwasalsocharacterizedbyTongberg
andothers(reference36),andidentifiedbyWhitmoreandChuroh(refer-
ence26).
.,
The”residuefromdistillationofcutD-1was*fraotionatedinCol-,
umn1. Fromthisdistillationtherewereobtainedtwoconcentrates,
designatedasD-2endD-3.
~. GutD-2(745ml,b.p.10608°C,nD20= 1*4149b 1.4152,
d = 0.7265)wasprobablyanimpuresampleof2,3,4-trimethy~-~-pentene.
Kuykendal.1(reference37)obtainedthe.follgtiqgpmggfi~es for fiis ~~
.
compo~d:b.p.106.7°tO 107.7Oc, W25= 1.4146,d = 0.726.
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CutD-3(tikml,b.p.198.0°C,~20= 1.4162tO1.4171,d20=0.733)
wasa complexfixtureinwhich2,3,3-trimethyl-l-pentenewasthepro’bable
ma$orcomponont.Thispartialidentificationsmadebya comparison,of
thephysicalpro’pertfesofcutD-3withthoseofthe2,3,3-trimethyl-l-
penteneisolatedfromShellHot-AcidPolymer,(Seenextsectdon.)Since
onlysmallquantitiesofthesecuts(D-2andD-3)wereavailable,noex-
tensiveinvef3tigationwasmade,onthem. ,4
CutE wascombinedwithth.sresiduefromthepreliminaryfraotiona-
tions.ThecomMnedmaterial(27liters)wasfractionatedinColumn11,
andyielded3.8litersof3,44-trimaWyl-2-pcmtene(cisandtrans)(b.p.
112.G0to112.6°C,n 20= 1.~235,d20=0.739)and4.’3litersof2,3,4-
trimethyl-2-pentene(B.p.11$.1”toD6.20C,nD20= 1.4275,&QO= 0.7428).
TheEietwo compo~dswereidentifiedbycomparis~nofthefrphysicalprop-
ertieswiththoseofpure3,h,.$-trimethyl-2-penteneand2,3,4-trimdhyI-
2-penten.e.Thepurecompoundswereobtaineflhythedistillatiaaan lysis
ofShellHot,-AcidPolymerandbydimethyl-zincsynthesis.Partofthis
sampleof3,4,4-trtiethyl-2-pentenewasoxidizedtopinacolone.The~n-
tiresampleof2,3,k-trimethyl-2-ponteuewas droflenatedo2;3,k,-
trimethylpentane(b.p.113.41°C,nD20= 2;40%to1.4040)# ~
Anapproximateamlysisofth9 originaldilsolmtylene(gas-free
basfs)wasmadebyexaminationofthedistillationcurve”a.Thismixture
wasfoundtocontain:
2,4,4-trimethyl-l-pentene~.~ percent(Byvolume)
,: 2,k,k-trimethyl-2-pentepe
3,4,4-trimethyl-2-pentene4:6 ,,
2,3,4-trimethyl-2-pentene“a3.7
2,3,4-trimethyl-l-pentene)
2,3,3-trim&thyl-l-pentene) 1.0Othero~tene(s)
pol~ compouiids 2;0 ‘
‘MvestigktionofHot-Acid,Polymer(ShallOil(M&my)
(Unfinishedproject)
TheinvestigationofHot-AcidPolymerwasundertakentoisolateand
purifysomeofthemajorconstituents.Thegeneralmethodofoperation
wasthemm asthatusedintheinvestigationof’diisolnztylenes,butfor
thisworkmoreefficient,higher-capacitysttlls(12, 13, 14, and16)
were available.
Atotal”of,1041Iftersofcrudepolymer-wasmzbsectedtoPreliminaq
frmtionationi fivebatches.Correspondingcutsfromtheaeper~
.
.
,
.
m
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hatcheswerecombined.Tnthiswey,thepolymerwasdividedintofive
.- yortions.Thedataonthesefracti~tio~stiegiven
CutA,whtchcontainedlnrtanol-2wasnotfurther
wise,theresiduehasnotleenstudied.
By refiactionationofcutB,therewereisolated
rials:
in table5.
investigated.
thefollowing
Like-
mate-
CutB-l- 1C3liters,2,h,4-trimethyl-l-pentene,b.p.101.1°to
lC1.3°C/755mmHg,nD20=1.4084to1.4086
CutB-2”-9.5ltters,a mixtureofclose-lm~lingolefins,b.p.
107.0°to107.1°c/756mmHg,nD = 1.4144to1.4246
CutB-3 - 8.o liters,2,3,3-triuthy~-~-pentene,~.p.108.ooto
108.I.oC/753,nmJHgjnD20= 1.4173to1.4175
A considerableamountofmaterialbetweenB-1sndB-2hasnotyet
beeninvestigated.Thisintermediatecontains2Jk,h-trimethyl-2-pentene,
associatedwithatleast woothercompoundstithboilingpointsnear
1050c.
.
CutB-2wasrefractionated..Thepresenceofseveralcampo.nndsis
indiqatedbythedistillationdata.A sampleofB-2MS hydrogenated.
. hmlysisoftheproductshowed.tihepreeenceofabout30percent2,2,3-
and70percent,2,3,4-trtmethylpentanes.
CutB-3wasrefractionatedforisolationfa samplesuitablefor
physical-constantsmeasurements.A sampleofthismaterialwasoxidized
tomethylt-amylketone(b.p.130.2f’to131.2°C,nD=o= 1.4201),of
“ whichthe2,k-dinitrephenylhydrozonemeltedat111°.to1.12°C. Hydroge-
nation ofa sfipleyielded2,3,~-trhethylpentane(b.p.114.5°C,
%20 = 1.4073). .
Purificationbyrefractio~tionofcutC gave100litersof’purified
3j4,4-trimethyl-2-pentene(b.p.111.7°to111.9°C/751mmHg;nD20= 1.4231
to1.4233).Thebestssnplefromthisfractionwasused’todetermine
thephysicalconstants.Thepresenceofcisandtransisomers,which
wereonlypartiallyseparatedbythefractitiation,causesthewideboil-
ingrange.Itisthoughthatthesamplereservedforphysical-constants
measurementscontainedmoreoftheh$@er-boiling(trsns?)isomerthemof
thelower-boilingcompound.(Oxidation,ofthis;compoundbysodium&ichro-
mateproducedpinacolonein30percentyield.}
. .
. . .
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.
ofI@ litersofcutD Gave45litersof’2,3,4-
(b.p.116@c/7s4mmHg, nD20=l.h271tol.4272). “
,.
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TABIZ 1.-” DBIIUATImlcommS
still w Size(em) Paoklng PotOapaelty(ml)
1 Totalreflux, 603by4.0 3/16-hhPYMXhelloes milltamlttent
take-cm
2 do....... -------- (s00tort) m
3 Totel reflnx, 150 ~ 2.0 3/16-lnohglasshelloes 2ooto5000
~able take-off“
4 ------tlo -------- 150 by 2.0 3&-kh steid.eies-eteelhel- Doe
loosfrcaO.OIO-lmhtire
5 -------ao--------150by 2.2 do-------------------------%.
6 do---------------150by2.2 3/16-iuohglareshelloes .Do. ”
7 -------do--------q by2.2 ---------------do---------------Do.
8 -------do-------- 70b~1.1 l/16-lnohfiohrmehelioea* Do.
O.OIO-tihre %.
9 do---------------h ~ 1.0 3@-lnohStelnleaa-steel~el- 250loon* O.006S-tihtire
10 -------do--------2b3w 5.1 &ohOheti &,@lo
11 600tl~~.1 goaeattiterl/2-inchosrbcQ m,ooo
r~~g~, ~ 510O~W-
=ter11/32-tiha esn-
tielhellces~ O.OIO-@h
*
2*13 -------do--------1600by10.2 3/8-lneh~elslnraeohigrings 227,000
14 do-------........ 1600by5.1 50centimeter@tiahWroelainZ27,m
raaohlgrings, followd b~ 1550
oentimetar3/32-imhta?nleen-
eteelhelloesfrom0.010Inoh
wire
M5 do-----------.---1600b~2.7 ---------------60---------------I13,0C0
17 Pcdblelniek w lJY0.8 Kell-grlQ
~red m to5000
18 -------do--------l%by2.5 ---------------aO---------------z5ato50Qo
9&20
-------do--------z5abY 2.5 ---------------do --------------- 250t05000
-a Dephlegnator 120 by 3.5 3/16-lnohglasshellcea 22,000
controlledtake-
off
2t025 !l!Otel reflux, u33 w 2.5 3/32-tihstufxiless-eteelhel- 5ooto 5000
variable take-off ioesfrmO.OIO-i!mhwire
5tu27 do--------------- 183by2.9 3/16-inah gla.m hellces 5Cr3to!50ci
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TABLE2 .- PHYSICALPROP2RTIE6OF @XPOUHDPREPAREO
[Vtiuen are believa *O be weciue to within n few unit. in the la2t Plzoe sIven2
wPmtme
2AtthylbutanB
2,3-ilinetbylpqO
2,3ain0tbpI-1.+bmtuuent
34!*l+p9ntuml
2,3-rIica.b,Y2-&til
2,2-DidbYI-3-btbvh3-p8utiL
2,2,3,4-TetrnnetW->pf5hon.01
2,kDimtb.yl-+iuapropyl+per,tar,l
2,2,3,4,h-tiOW-3-pd_l
2,2,4-5rinetby1-J-p ezwwnO
2,2,4,M!~trnnethyl-3-p9ntnnone
2tbrl !h-inotbylnmtate
3C:;:2:3..tiimtk@pmt=a
pl%thv,p.ntul.
2-obb_2,3, Trimtulp-t~
J-OhlOrc-2,3,4-TrinOthylpentone}
l-ob10rc-2, ~n0thyl-&bubena
rreumin2
point
in air
pc)
-129.75
-15 .9
i-1 .&l
-15#73
-lW.06
-1:26
t-U. .94(
.uz32
-201.6
-lq .W.!
-105.29(
-3.a.9
+. o
-122.t
40.04
-122.2
-102,14
-5$23
-12.64
-% 5
-36.L
-38.81
-135.4
-ljfi. 5
nf
-7$32
-93.56
-11 .y
:-1 .51.
------
-------
rlf
-S3.5
IX?
.-.--
-23.6
-20.4
----
-l&o
-19.0
+12.a
-14.7
+42.1
-29.02
-25.24
-29.55
-17.9
+10.G
---
---
34ilhg
point
,t760m2#
(.0)
~6.o;5
&fj
63:265
4.733
89.727
‘“r
‘ %$?
1HW2
y-:~
1 3.olo
i1 .544
16.3.310
lb7.e75
137.457
170.0
157.042
1%.03
W9.29
67.s .
70.5
55.641
B&$
?
lm. 7
u6.2
104.914
112.
?73 mu
!P3(axa
133.2
13s.0
96 (ax m
2=g.7mm
?
134.03
W (Im m
122.21
142.8
156.2
1.25.013
156. 5
15ai
150.3
52.3-71.5
136.190
153.W
n2.35
-
O.ql.m
o.cm6 ,
d O. 61
%0, lg
b ~~$;
0.0450
0.0%1
0.0477
0.0427
0.0491
::%?;
0.0492
0.W06
0.0!W4
o.@2
O.c%al
o.0514
O.WE
o.0512
:%
0.0544
0.0552
0.0537
0.039
0.%3o. 7
0.0424
R&
O.o!qo
0.05
-----
0.0459
O.ow
;%
0.0420
0.09
0.052
0.052
-----
0.039
0.037
----
0.042
0.05
o.&7
O.m
O.m
0.0425
0.0521
0.C450
-----
1)-----
-----
&r:
mad
(.0)
0.W6
o.c06
0.017
0.W2
0.03
o.m?
oim2
:3
o.m2
o.mb
0.011
O.w
0.021
o.m2
o.mg
O.w
0.037
0.W2
0.W5
0.011
o.m4
0.57
0.o12
0.039
0.052
0.16
0.17
0.M2
o.m6
0.27
o.m3
0.W2
o.m7
0.42
----
0.30
0.8s
0.073
o.oEa
0.037
0.185
0.34
0.010
0. 9
70.3
0.32
----
0.30
0.042
----
0.70
1.55
0.5
O.n
0.3s
o.m7
0.010
0.061
----
----
----
= Symboln:nfmzterl.22becamevery Viecoueor @22+8ywitbout :
to a oryot~line aolidmnd, materimlocmidered too i
&eometrioiaomerjH.B.~. , ~i&ner-boiling geometric I,omer! C“W,t;determination of free= w oint; U, aelting point; L.
of geometrioioomers.
b seerererenoa5.
0 See refermoe 4.
d Oaloulatedfrozdata @VW in rOfOrCUIOe13.
>
at2%
(g/d)
0.62619
0.61g63
------
0.6 2s5
?40.6 36
0.EW3
?
o. 510
0. 7315
0.71931
0.716M
o.72621
0.71555
0.70711
o.7a91
o.;;4g
i0.7576
$j~
0.735
T
0.71 5
0.72-2
0.75826
0.72W
0;76702
o. E942
0.6986
0.67792
0.70795
0.7352
o.71m
0.74342
0.7222U
0.7392
------
0.7
F0.7 27
0.7%92
0.7561
0. 614
0.%2
0.769
0.P673
o.7m
O.mo
0.7267
0.s226
0.8236
0.2354
o.a5gs
0.2572
0.2.565
0.2632
o.eo654
o.82k09
0.s5467
0.9066
0.9105
0,222
-----
(did
0.6z133
0.62455
------
0.64242
o.~2
%%
0.71523
0.71221
0.72=9
o.7117s
0.70333
0.71792
0.731W
o.73415
o.7zm
0.73537
0.7 12
‘%0.7 m
0.73165
0.71430
o.n2g
CJ*75W
Y
0.77 5
0.763 2
0.70336
O.Dog
0.71076
o.7391b
0.77.700
0.7330
------
0.7549
0.7591
0.73997
0.7521
%o. 2-220.7 7
0.7622
0.7123
0.767
40.7 1
---.-
0.s243
0.6193
------
0.2543
0.2526
0.2523
0.LW91*
o.tm2g
0.s2227
0.3%52
------
0.9365
------
----b-
reezing
Weznt
j-or-boiling
, mixture
;dlrlpc)
-0.0W37 1,357M
-o.mlo2 1.35357------ ------
-o.moee 1.37141
-o.mo93
-o.mlrm 2!7&?
-o.oexb
-&lxcw ;:J&;
-0.0W32 1.
4.m3el 1.43W
-V.W379 1.42757
-o.mo76 1.4032i
:% ;:%%
1.4123j
-dmo76
-x~;~ e ;;%
%%% ?%%
-0.UM75 1.b1321
-0.00079 1.%
-o.tW7 1.4366
-0.0W73 l.kwq
-o.om67 1.4363(
-o.mc16e 1.k306$
-am 1.4016
-&woes 1.40
%-0.03296 1.390
4.0W2
-0.Wxa M7?
%%!! :g
-o.ome
.---.- L~9
-Q.0X176 L 4306
-o.om72 1.435
-0.0W79 1.42JU
-0.W079 1.4309
-&m 1.416~
-oiome2 1.4326
3:%4 1.~374
l.klllll
-Wmoe4 1.k377
-0.W077 1.4359
-.-.-- l.y!m
~.om66 L41a6
4.WX6 1.4170
------
z
1. 52
a.omeg 1. 39
-o.mcgl 1.4423
-J.W025 1.4405
-o. omqs 1.WO
-0.0W25 1.40596
-0.w076 1.41927
4.032.03I 1.39062
------ 1.4441
-o.oam @l.57
-.---- 1.4Jt!
------1----
1.35W
1.3x167
-. ..-.
1.3W6
1.3 76
1?1.3 523
1.3W3
1. 1s-33
&1. lD
1,WG52
L43521
::$j
L41146
1.422M
1.4L242
;*
l.k 15
I.@ ?6
1,42246
1.43L121.k2E6u
M%
1.32745
1.4og44
1.4151
1.40E01
I.k?f@
1.41350
1.WO
------
l.-
1.V22
1,42212
1.42%5
1.41431
1.4203
1.4351
1.422*
1.%51,4339
1.4163
1.4142
-----
1.44i6
1.44J5
1.4WW
1.4452
1.433.s9
1.41712
Wsga
-- . . . .
1.W36
------
------
-0.00253
-0.0W5E
-. ..-.
-O,W.Y5
-o.ocq 2
;?
.??4.om
4.0W46
-o.mxlu7
-0.W047
-o.mo47
-0,00347
-0.WX143
..0.m
4. w I?
-0.W044
-o.om43
-o.m41
-0.WJ46
-o.om$7
-o. omb
-o.00W
4.WO 9
L-o.mo
-o.om5k
4.cc@
-O*WOEO
%%?
;%
-0.QW*
------
-o.m46
-0.OW*
-0.0W47
.O.OW*
-o.om4e
-0.0W46
-o.om4e
dW3m52
-0.W047
-o.ccdto
------
-0.00)46
-o.Wm4
------
4.maw
-o.0m47
-0.UW7
-o.cm43
-0.WN12
-&mob
-3Xde
------
-xlo043
------
J=nurr 1541
Decmber1939
April 1942
Jum&71944
Xmrnbm1940
2bJ@ll
Augllstlgm
thy 1941
J~lu
U2uat 19?l&tuber 19~
Oatabor1942
July 1941
JWla1942
Eopt=ber1 h
balm? 19?0
JUII*19$1
July 19$1
20v-tar 1943
%%;:/!?
Ln2nst145
K8rah19
robruuy1 b2
Octobor 19&
guptm-barIgb:
Saptmber1 w
&r~tiy 19
Oatobml’j$j
April 1,)45
Julia19hJ
July l@K?
Julr 19b3
July 19Q
October1*
XOrd. 1943
&w.lst19W
Aneust1943
Au@St194i
Oatobtr1941
Ju 1943
Jn.lr1945
Julr 1945
#tptmbor1 ~
&
:ti%;i&g
w w~
Awl,tlW1
Ott.bm 1943
Ju3r1943
J&r lgkl
J* 19’4J
July1941
Dmmbor1944
raw 1944
Juu 1941
Jemary1944
Juw 1941
Jn.lr 1942
Jnn*lqlq
AIu$IBt1932
-. -.. . Kay194)
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e The rofraotive In,iicoe of 2, 2,3,3 -tetramethylDentane were determined
bv k. Leroy Tiltonon tho @tioal In~trumentaSectionof thiE Bureau.
l 4 ,. ,
.
Wmcarhn
Isopentane
2,3-Dirwthylbutaue
2-Metbylpmtans
3-MeMlylpaltana
2,4-D&thylpentane
2,3-Dmw1~~
2,2,4-Trirlethylpentenl
Boillng
point at
7601mEg
(%,Cottill)
8.9
57l9
60.2
63s
all.5
89.9
99l3
Refraotlve
Index, ~=’
1.3531 to 1.3533
l*q@ to1.3752
1.3714to1.371,6
1.3761to1.3763
1“381!3to1.382’0
1.391.2to1.3920
1.~w to1.3915
Vollml
leolatea
(d)
728
2,213
224
224
2,610
1,034
11,727
,
Voltm (peroent)
oftotal
Butene
Alkylatel
o .g7
2.g7
.30
.30
3.44
1ly
15.48
%%0 data in this Colm ~6eut the emunt Isolatedhaving the properties
ehovn. It does not mnstltmte an exaot enalyaisof W crule.
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G4Mana
loee
14
264
38
Pol- per- Boiling l-angel
WIItOr- (%)
a
3J. I Below101.s
57.8 1o1.5 to lo2
E?& 102 to 104
18.7 1.04tolo7
6.0 lo7tol17
L.
hfraoti~ inaux,
%
1.392b 1.m82
1.4084to1.4088
1.4094to1.4127
1.4150to 1.4160
1.4207to 1.4238
.— —
Ma@r Ccmstltwxlte
2,4,4—wIMwvl-~,
butyl aloohol,otherpolm
Cmplnm!ll?l
2,4,4~u1-PI=M
In~ati, mtrke of
2,4,4-trlmethyl-l-a 2-
Pemalles
2,4,k-TrlmW@-2-pentane,
ml W quantitiesof 2,3,b-
d 2,3,3-txIiwJtJIyl-l-
pentenea,d other ootemm
2,3,4—wimtkyl- d 3,4,4-
tr’het#lyl-2-pentmle13
%ottrell 8ollY.ng-pomteamaamnts ml first allalaetrraot.lmso
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. > , *
-.
. >
-5.- DrvImX?oFm AcIDPoLYMmBYPmLnm&WmMc’mmmcm
cut
A
B
c.
D
E
GM d
los82
Tolw
pltera)
38
200
246
M!
208
Voluwper-
centof*
3.7
24.9
2306
16.2
m .0
n%
lloll~c$md
<101
10100 to 1o1.7
I.1o.1 to lu!.o
113.0 to U6.0
>116
RofreotiveWox,
%=
<1.408
1.408 to 1.420
1.b21 ta 1.423
1.425to1.4%
-----------------
Forerun
2,4,4-Trimthyl-
l-pentlme
2,3,hl%lmthyl-
l-pentona
2,3,3-lwmwl@-
l-mtene
3,4,Wrimethyl-
2-psntene
2,3,4-Trlmetl@-
2-pentene
Ree!lilue
‘oOttrellbofmlg-poillt ~tu on ffrat and hat fraotlm.
% pmlidnary dlstKUatitm of 2 Mters imlicatedmm 10 pement ~.
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m
24.31
I
24.30
84.22
24.28
~
%4.27
j
:
;
a4. Ei3
24. a5
24.24
I
.
44.26
I
;/
0.
a.63600
Qoo.a
.
B .*
2.b.2~
20
Figure 1.- Meezing
0000
40
Time, min
o
0000 ,00
00
‘o
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xl 60
point of 2,2,5,5-t otramethylhexane.
XAOATN~0.~i347 Fig.2
135.5ar
a,a,5,-Tetr&nethylhexane P=7 60.90mmhg
136.51
c
0 () c 0
c
0
135.50 ~“,, 0 c 0 (b 0 ,> 0
0
0
135.490 ,20 40 60 80 100
Reaovery,peroent
125.f3a
2,2,4Trinethylhexane P-7,.5.91mmlag
la5.81-
,
<> 0
125.80 4> 0 ( I c (
( > 0 c 0“
ct 0
0 co
0
g la5.790 ao 40 60 80 100
. Reoovery,pera,ent5
sw
~la5.lch
:
a,3,6,6-Tetramethyl-3-hexene P- 747.11mmhg
la5.oi3
1)
a 0
<, t)
124.90 <I 0 0 (>
1>
0
c
0
00 0 06 >.
1)
0
la4.800 20 40 60 80 100
Reoovery,percent
101.54
a,4,4-trimethyl-1-penten P=? 61.81mmhg
101.53
0
1~
1)
101.52
0 <> 0 , I 0 1I 0 0 t b
~ooo GP
.
101.510 20 40 60 80 100
Recovery, percent
~iguze2.-&ilingpointoffourepresentativehydrocarbon. .
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E
94
w
48 l.a
~
.
g
l
:40 ;l.Q /
~ 2
d l-l
g / ~ /<
&a
/
~ .8
h /
K
/
;
0
g :
5 ~4 .5/ / y
q
o 8, &dimethyl+bmt lne
m“ 6
; 0 a,Lf-dimethyl-l-but One 2
9 : / “
/ .
i
j 16 1“ 4
/
:
n ~
;
g /
‘8
&
. /
o
0 10 30 So 40 m o 10 30 30 49 50
?irne, hr Tim , hr
3
~igura 3.- fist en of peroxide fo=tion in 2, 3-dirnethylAtit me Pigum 4.-
aate of peroxide formation In a, 3-dimethyl-l-bUtae. ~
and 2, 3-dimethyl-l-Wtae.
.
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